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TORONTO, ONTARIO 


1 
1/ko Z --- Upon commencing at 10:00 a.m. 

3 THE COMMISSIONER: Yes Mr. Lamek. 

ri ARGUMENT BY MR. LAMEK: (Continued) 

5 When I finish this part of the 
argument I expect in the early part of this morning, 

: Sir, and Miss Cronk takes over the torch from me I 

4 am going to ask to be excused so I can wheeze and 

8 sneeze somewhere else. 

9 First, with respect to yesterday Mr. 

10 Commissioner, you were entirely right, there is only 

11 one child where no member of the Trayner team was 

12 present for onset of critical symptoms or death. I 

7 think you identified the child as Leith and that I 
understand to be right. 

M4 Second, with respect to the question 

ie of what Dr. Freedom said to Mr. McGee about the 

16 ordering of a post mortem dig. level on the Baby 

17 Estrella, the reference that I had in mind but had 

18 mis-transcribed is in Volume 30 beginning at page 

19 5647 at line 14, where in cross-examination by Mr. 

on Percival the following exchange took place. There 
had been a reference to Dr. Taylor's evidence about 

a the conversation at nighttime with Dr. Freedom: 

a2 "Q. And you gave evidence at - very 

23 briefly that you had absolutely no 

24 


add Yo Subq 22+ deiints Tt oad 
eaidsem etds 10° Jes Wires oft ni scsqne 1 jnemup ts 
tf sm mou? doxot off revo Boxs? gnowD eeiM bas ,32e 


bas Srestiw fish T OS Deatoxe sd ot Jen of patop me 
pele susriwance sseone 

th yshuatesy ot Sosager fatw ,texlt 
vine #2. execs tdpit yierisne stew voy todotae Lawioo 
sew amped wanyeuT ot 20 tatinem of ozedw BIindp sito 
I sits8t ¥> eniedqotye [anidise to ssen9 303 dneessg 
Y 45d bas dtiet as Bkisdo ors beiiicgnsbt woy Aesds 
ffieis sd os basvatebar 

sotigyesup eft oF soagest Aviw .Daooce 
sds jueds espoM «74 oF Bien mobess3 «10 jaiv 39 
yvdset aid no tovel .pib meczom 2a0g & bo piitepzo 
péd Sud Soin ot bad Tt Sens sonezetes offs ,aifeizas 
stieq 2 painaiped Of eiigtov ni a) bedisceness-sin 
a ed ato ls animexe-ss0ss at axodw (31 enil 3 Tde¢ 
eseit .sosic 1009 opnetoxs paiwollet sy laviouss 
syods aonsbive e'tolys? .«0 of sonpiete. « nead bad 
smebees3 .20 tiw emisedpin 36 aelyseievnoo si 

yrev + ts sonebivs svsP woy beak .f* 


on ylesvioede San vor gaat ylisizd 


ANGUS, STONEHOUSE & CO. LTD. Lamek (Argument) 196 


TORONTO, ONTARIO 


1 
2 "recollection of this conversation 
2 Weecne DLS etay Lone: 
4 Agee inact se true. 
3 QO." "And*that™is*as far as’ 1t went? 
Awe RIONE 
6 
QO} That was on February 19th, 1982. 
: Do you recall prior to that though, 
8 in a meeting with the Coan 
9 Attorneys Mr. McGee and Mr. Wiley, 
10 on December lst of 1981, at which 
11 conference Mr. Ortved, your Counsel, 
io was present to go over your evidence? 
Ase Right. 
13 
Q. And do you recall on that occasion 
on December Ist of 1981 saying this to 
15 Mr. McGee and Mr. Wiley: ‘'The dig. 
16 feve Lerr he" 
17 And there is then an exchange as to what it is 
18 Mr. Percival was reading from and it turns out to be 
19 the notes made by Mr. Wiley of which a copy had been 
provided. Continuing at line 17: 
: "'The dig. level was taken on 
: Estrella. The resident, a Dr. Taylor, 
22 called and told me about the death of 
23 Estrella. I asked if Estrella was 
24 | 
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i 

2 "on dig. I asked him to get another 

3 level, there had been a high level 

r ante mortem.' 

5 Is that your recollection of what 
Your2to la) Mx Wiley? 

2 A. No. 

7 ; 
Q. And Mr. McGee on December lst of 

8 1981? 

9 A. My recollection was that I had 

10 been informed that Dr. Taylor had said 

11 that I had requested him to do all this, 

2 and I was echoing back, I don't 

remember this, I don't remember that 

a Dr. Taylor had asked me to do any of 

ss tis: 

15 Q. So do I take it that the notes, if 

16 | they are notes of Mr. Wiley, are 

{7 inaccurate in relation to what you 

18 : recall on December lst of 1981? 

19 A. Yes. I specifically recall being 

50 somewhat surprised by this and again 
echoing back, I have no recollection 

S eft.that phonevicall ac 

22 It seems, therefore, that Dr. Freedom 

23 denied having said what was recorded in the Crown 

24 
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Attorney's notes in the meeting of December 1981. 

The notes, however, did attribute the statement to 
him. I suppose one has to wonder how that came about 
especially in the light of the character that 

Dr. Freedom attempted to put on his statement to the 
CBC radio interviewer. As I said yesterday, 

Mr. Commissioner, I don't think a great deal turns 
upon that, clearly one way or another, and I suggested 


Pr. Taylor's evidence is to be preferred, 2 sample 


was drawn from Estrella in circumstances of which we 
are aware and yielded a level of which are aware. 

I completed at the end of the day 
yesterday, sir, the very broad outline chronology of 
the events with which we have been concerned. I 
propose to turn quite briefly now to a general review 
of certain theories that have been advanced from time 
to time in attempts to explain what happened on the 
cardiology wards in the period under review. I hope 
that in addressing those theories, sir, I am not going 
to be accused of putting words into anyone's mouth, or 
of attributing to anyone a theory that he or she did 
not in fact advance. I don't know which if any of 
these theories will be seriously advanced in the course 
of argument, but in light of what has gone before to 


this point whether the theories are put forward or not 
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at this stage as possible explanation for the events 
in the epidemic. period it seems to me they will have 
to be dealt with whether briefly or extensively in 
your report and I, therefore, address them briefly 
now. 

The first is the theory, if I can put 
it this way, that nothing really happened at all on 
Wards 4A/B in the nine month period. Notwithstanding 
Dr. Rowe's acknowledgement that deaths on the ward as 
opposed to deaths in the ICU or in the OR were 
generally speaking the exception, and notwithstanding 
that nurses were clearly concerned at the high number 
of deaths, and that was a concern which the 
cardiologists themselves took active steps to allay. 
Notwithstanding all of that, it seemed at an early 
stage of our proceedings that the Hospital was taking 
the position that nothing had really happened at all. 
That is to say that although starting in the summer 
of 1980 there was an apparent increase in the number 
of cardiology ward deaths there was no significant 
actual increase in mortality to be concerned about. 

You will recall that during his cross- 
examination, or the examination of Dr. Rowe, my learned 
friend Mr. Scott referred to and marked as an exhibit, 


it was No. 125, a chart or a graph which was said to 
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show deaths in a number of different areas in the 
hospital and in the hospital as a whole. It was a 
glorious multicoloured thing and colour coded. As I 
understood it, the intention of that chart was to show 
that the apparent increase in the wards 4 A/B deaths 
was merely a blip on the graph, just like any other 
blip on any other one of the other lines on that chart. 

Now after Dr. Rowe left the witness box 
we never heard another word about the chart. In my 
submission it is Simply not a tenable position to 
assert that whatever was happening on the cardiology 
wards was no more than a fluctuation in the mortality 
rate of a kind that inevitably occurs in any area of 
the hospital from time to time. There are three bases 
for the submission that is simply an untenable position 

First, the epidemiologists from Atlanta 
and from the Ministry of Health had no question but 
that there was tee the epidemic period a mortality 
rate that was utterly unprecedented on the cardiology 
survice, and which showed a statistically significant 
variation from the norm for those wards, and that was 
a view with which the Hospital's epidemiologist 
consultants did not disagree as I understood their 
report. 4 


Second, it is not merely the leap 
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in the rate of ward deaths that suggests that something 
unusual was indeed happening. The other features of 
the epidemic period deaths also call for an explanation 
of some kind. The deaths in the middle of the night; 
the sudden and irreversible decline seen in so many of 
the children; a decline that could not be reversed by 
even the most heroic of resuscitation efforts; the 
association of the deaths with one or more members of 

a single nursing team. Those in my submission are 
elements which cannot be ignored in deciding at the 
outset whether there was something occurring that 
called for investigation. 

In my submission it is extremely 
difficult to accept that there was a greatly increased 
death rate with all of these other coincidences and 
patterns and that it all occurred quite naturally and 
that nothing unusual was really happening. 

The third basis for my submission that 
the view is an untenable one, is that the clear 
evidence in a small number *of ‘cases, even in only one 
case, that unauthorized doses and/or amounts of a 
dangerous drug had been given to children makes it 
impossible to accept without the closest scrutiny the 
proposition that nothing was happening. 


If I could just refer to one of the 
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1 

2 elements in the total picture which has to be 

3 explained as this business of the nighttime deaths, 

4 sir. I referred on other occasions yesterday to the 

5 strikingly large percentage of deaths which occurred 
between the hours of 1 o'clock and 5.0 'elocks or when 

; the onset of terminal events occurred in that period. 

: Now the available statistics, and I am 

8 referring for example to Exhibits 35, 36 and 37 which 

9 are charts aranated by Dr. Gilmour Bryson, show very 

10 few deaths indeed in that middle of the night period 

11 in any of the other nine month periods examined 

12 outside the epidemic period. Whether that middle of 

es the nighttime period was defined in terms of 1 o'clock 
to 5.00, emtanight.1074-00, (or midnight tars o'clock, 

ce the result is essentially the same, in no other nine 

15 month period was there ever more than three deaths 

16 occurred in that time span, and a very striking feature 

17 of the epidemic period of course is the very large 

18 number of deaths that dia occur in that time span. 

19 In my submission that kind of departure 

a from the historical norm makes it difficult to accept 
that nothing at all was happening on the ward. I said 

z it earlier, Mr. Commissioner, but it may be instructive 

oe to enquire about the other side of that coin. Having 

23 observed that so many deaths occurred in the middle of 

24 
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the night it may be useful to wonder why so few deaths 
in the epidemic period occurred during the day or the 
early evening, and a clue to that may be in the 
impression that Dr. Rowe related as having been an 
impression of the cardiologists in the fall of 1980 


that the wards were understaffed at night. 
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When he was pressed - I don't have the reference 
Nowebuitl Cansprovidesit tomyouy, vsirs— he ‘said 
his impression was that there were more people 
around during the day than there were at night. 
And indeed there were. 

The evidence you have heard makes 
it clear that during the daytime Gere are in 
addition to the normal nursing complement that 
we find at night, student nurses, head nurses, 
nursing sspecialists p; staLfvphysicians, .—parents. 
The evidence is that a ward during the day is 
a very busy place indeed. Lots of people around. 

Ofmecourse if axchild is going 
to perfectly naturally and as a result of his 
ebinicalsecondi tion, eiuiearchiild is-going.to go 
into a sudden and irreversible decline and die, 
it really doesn't matter how busy the ward is. 

If the child's condition has reached the point 
where that is going to occur as a matter of 
natural course, then it is going to happen. And 
if the deaths were natural it is puzzling to know 
why the sudden declines didn't occur during the 
daytime as well. 

The ward at night as you have 


heard is a rather different scene; it is very much 
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quieter in terms of traffic as well as literally 
quieter. Relatively few people around. One has 
to say that if one were engaged in nefarious 
conduct the risk of detection had to be very much 
smaller at night than during the day. 

The lack of daytime deaths does not 
in my submission support an innocent or natural 
characterization of the: deaths that occurred. One 
would expect random occurrences around the clock 
if these were natural deaths. The absence of 
daytime deaths in the circumstances of the daytime 
traffic on the ward and the very high incidence of 
nighttime deaths at times of relatively low traffic 
on the ward, from both sides of the coin are 
suggestive of a non-natural cause of death. 

Mr. Commissioner, another 
suggestion that from time to time has been raised 
is that in cases where we have more or less clear 
pharmacological and toxicological evidence here 
we may well be dealing with a whole series of 
unfortunate, indeed tragic medication errors, which 
may have been responsible for the deaths or at 
least for the recorded digoxin levels. 

In my submission it is very 


difficult - indeed it is impossible to deny that 
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medication error may indeed have been responsible 
for one or more of the deaths that are under review. 
I will deal at a later stage with the individual 
cases where drug error has been expressly suggested. 
One cannot rationally excludé the possibility that 
drug error may indeed have been involved in one 

or more of these cases. 

Although I will deal. with the 
ones StevUusStinaccokmlaterh. sayinowllt is difficult 
at first blush to see how a drug error could have 
occurred with respect to that child in the 
circumstances of the care he was receiving and 
in light of the pharmacological evidence which 
we have had. But I have to concede that almost 
any one of those babies could have died as a 
result of medication error. 

To make that concession, however, 
in my submission is a very far cry from conceding 
the possibility that all suspicious deaths or 
even all elevated digoxin levels or all levels 
of digoxin where none should have existed may 
reasonably be thought to have been attributable 
to medication error. In my respectful submission 
that conclusion again is simply not tenable. 
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regarded as a plausible explanation unless a 
number of other phenomena could also be explained. 
For example, why if they were errors were such 
errors occurring primarily at night when as we 
have heard there is far less hustle and bustle 
on the ward than during the day? On Dr. McGee's 
evidence one would have thought daytime errors 
were far more likely than nighttime errors. 

Second, why if these were errors, 
why were such errors presumably in many cases 
producing death which only occurred when one or 
more members of a particular nursing team were 
on duty? And again if members of that team had 
a propensity either to make or to encourage others 
to make medication errors, why did that propensity 
only: flower at night? 

Third, there would have to be 
some reasonable explanation as to how one may 
reconcile the repeated medication error theory with 
a clear view of the experts that medication errors 
rarely cause death. I refer in that regard to 
the evidence of Dr. Mirkin, in volume 88, page 
9075, Dr. Bain, in volume 63, page 4096, and 
Dr. Kauffman, in volume 71, page 5663 and in 


volume 83, page 8101. 
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One would also need to explain 
how it could repeatedly happen that errors of a 
kind which even proponents of the error theory would 
concede to be unlikely should occur. For example, 
errors including the substitution of multiple 
vials of medication A for a single vial of medication 
B. Dr. Spielberg conceded that once you get into 
multiple vial errors the.possibility of error 
becomes very much smaller. 

Errors made by more than one 
person combined to produce a tragic result, the 
drugs which had to be double checked, and so on. 
The scenarios, the sequence of and the number of 
errors that had to combine to produce a particular 
result have been put to several witnesses, and I 
am sure you recall them, Mr. Commissioner. That, 
too, would have to be explained satisfactorily before 
the medication error theory for these deaths could 
Becda to be acceptable. 

At the end of the day, how? It’ 
would need to be explained how if there is 
compelling evidence of deliberate overdose in respect 
of even one child, how a speculative theory of 
medication error can be regarded as a satisfactory 


explanation of other deaths. And if there be such 
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evidence with respect to one child - and I will 
be dealing with that at a later stage - that in 
itself in my submission writes an end to the 
medication error theory as an explanation for 
the multiple deaths. 

inshore, Mr. Commissioner, in 
my submission this medication error explanation 
for all or even for a substantial number of 
deaths is simply too fragile to overcome all of 
the obstacles to its acceptance. 

Third, we have heard about the 
possibility of the mysterious and unseen visitor 
to the wards in the middle of the night. When 
I say "unseen" that may mean literally unseen or 
unnoticed in the sense that a person's presence 
was not thought to be remarkable. 

Again dealing very briefly with 
that in my submission it is not a theory which 
is plausible. It is extremely difficult to believe 
in the first place and generally how such a 
mysterious visitor would have the extraordinary good 
fortune, to Visita ward, Visit a ward and find 
a child unattended and unattended for sufficient 
time to do whatever needed to be done, or to 


remain unseen or unnoticed until a child was 
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unattended. Again one would have to ask why 

such a visitor would appear only when Mrs. Trayner's 
team was on duty. And third, how did that 

visitor work his evil magic with children who 


were on constant nursing care? 
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Mr. Commissioner, we will move to 
another proposition. It may well be advanced but 
there has been some discussion of it in the course 
of the airaenie | A proposition may be advanced but 
unless there is clear and compelling evidence to the 
contrary anydeath notin the opinion of the medical 
experts was consistent with the child's clinical 
condition, must be assumed to have occurred naturally. 
Really the question is where the onus lies in 
approaching a particular death, whether one assumes 
natural!death in the absence of compelling evidence 
to the contrary, or whether one starts from a 


different vantage point. 


It is my submission that that is not 


an assumption that you should automatically feel 


obliged to make merely because there maybe unclear 
pharmacological or toxicological evidence about a 
child, or indeed, no such evidence at all. 

I suggest, Mr. Commissioner you are 
obliged to consider all relevant evidence and that 
may fall under either or both of two headings: first, 
and obviously evidence as to the particular child, 
particular clinical condition of the child and its 
severity and prognosis; the child's course in the 


days and hours preceding the onset of critical 
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terminal symptoms; the nature of the child's terminal 
episode, symptoms, behaviour and so on; the responses 
of physicians and nurses to the child's death. Were 
they surprises, puzzled, distressed? All of the 
individual features of the child's case, but in 
addition the second kind of evidence, the evidence as 
to patterns and common threads running through the 
deaths. At the time of the onset of critical symptoms 
of sonpmany of these children, the depressing failure 
rate of resuscitation efforts during the epidemic 
period, the observable associations between Hospital 
personnel and deaths, the remarkable frequency of 
sudden precipitated and irreversible decline to 
cardiac arrest and death. 

With respect to those matters, Mr. 
Commissioner, I don't suggest the presence of any 
one of them in a particular cases is sufficient withou 
more to justify a conclusion or even a suspicion but a 
‘death may have tobesomething other than natural, but 
if a child's death occurred suddenly, unexpectedly, 
surprisingly or without any satisfactory clinical 
explanation, and if there is no or only inconclusive 
toxicological and pharmacological evidence you may 
conclude, and in my respectful submission, you could 


properly conclude, that if that child suffered a 
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sudden and irreversible onset of symptoms that are 
indicative of digoxin intoxication in the middle of 
the night, in the presence of one or more members of 
a particular nursing team, you may properly conclude, 
in my submission, that that death could be viewed 

as suspicious. At bottom, my ausiemney to you will 
be this, that once you have concluded that any one 
of these children died of digoxin intoxication 
which, in all the circumstances was likely not the 
result of accident or mistake, once you make that 
conclusion with respect to any child, the balance, 
in effect, had tipped and you must then consider 
whether pokes and perhaps Many many others of the 


large number of children who died, may have suffered 


the same fate. 


In giving that consideration to all 
of the deaths you are obliged, in my submission, to 
consider whether each death fits into a pattern made 
up of elements which are, themselves, not plausibly 
explained, except by an ugly and sinister rationale. 

A Jona See what I am really saying, 
Mr. Commissioner, is this: if you conclude that one 
death was the result of foul play one has::to be 
suspicious that other of this very large number of 


deaths in this nine month period was similarly the 


deze « 
~eMolvaqeve SP 

| ) get) ,eids od 
ee a saan Shiite sasdt to 
wre Tones’ " wf ar ST. lie Eta ai . footy 
sie ion S008 eokaela md -saebsa98 $6. 4lu22° 
ise tte od ganar: ea We kewl 0° 

eh He i ee Sed 4soetic 

nb apt ah te ete Yo Sewer SCte! 


a 

| ee 

be |S pf ads? 
Gmeas f! 


7. Uae : 
4) ghee et dak: : ; 
a eat aabtanee vadt gaivte © 
| a El cei pooeegnagl atymed oc2 2 


. ; “2 - ; : 
9.6 wind elt mes ies tedserw © gabrenoo 
@efnrematic 3 


Bageems be! 


} ‘to's 
Sette ss al 7 er. 


ana. 


24 


25 


ANGUS, STONEHOUSE & CO. LTD. 
TORONTO, ONTARIO Lamek (Argument) Dara 


result of foul play. One can no’‘longer bring the same, 
for give the use of the expression, 

"innocence"to the other deaths in light of that 

conclusion that perhaps could have been brought to 

it without that conclusion. 

I am suggesting that coincidence and 
bad luck are not plausible bases upon which to 
explain so manysudden deaths in the middle of the 
night and in the presence of one or more members of 
a Single nursing team. I have to concede the 
possibility that all of those thingsbefell the babies 

on that particular nursing team, by coincidence, 
by terrible luck, by bizarre and repetitive quirks of 


fate, and that all of those horrible and undirected 


_ forces came to a sudden and simultaneous end on 


March 22nd, 1981, I have to concede that is possible, 
but to state the possibility is, in my submission, 
to acknowledge its extreme remoteness. 

Rational human beings direct their 
lives and form conclusions and judgements based ‘upon 
what their good sense and experience tell them is 
probable and plausible, not on possibilities so remote 
as to be virtually negligible. 

En tmy "subiiission’and=in Tight* ofall th 
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1 

2 inescapable. I shall detail this later. The 

3 conclusion is inescapable that babies were deliberately 
4 killed by overdoses of digoxin on the cardiology 

: wards in the Hospital for Sick Children in the period 

from July 1980 until late March elo élehaThe 

? question to which I fear we will never have a 
“a complete and certain answer is how many babies suffered 
8 that fate. 

9 | Sir, I hope that I may be able to 

10 be of assistance to-you when I come to review the 

i individual deaths, but I ask those at this point to 
hear Miss Cronk on oe relating to digoxin and 

pharmacological and toxicological evidence to refer. 

- THE COMMISSIONER: Yes. Will you 

it _ take yourcold away? 

15 MR. LAMEK: If I may be excused I will 
16 do that, Mr. Commissioner. 

17 THE COMMISSIONER: I wouldn't want 

18 you to affect everyone else with it. 

Yes, Miss Cronk. 
19 
MS eaCRONK :enthankesyou,+8if. yMr. 

" Commissioner, as Mr. Lamek briefly outlined, it will 
a be my intent to review certain of the evidence given 
22 by the pharmacologists thebiochemists, Mr. Cimbura, 
23 the toxicologist from the Centre of Forensic Sciences 
24 


25 


od snitog eid+ se spore Aaa I sud .afiseb Lavdcv 


bas atxepib of vatzeals:. atetsam no #a0%2 


ie Stsliive 
j 
] 
; 
' 
} 
OF 
“git 
oat sien od 
GGY Li LW 


titiw I Besyoxe ed yam I 21 


saaw 2 abluow 


«3M 


boizaq eas 4 ated pane 
fer fotee 


st 


esided) yrom won #£ tewane aissre> bre < 


side si ye I ged? eqed 7 .2ie 


waives of step I netw goy.o2 sonasett2: 


= 8 
2 wetdegqscesat 


£t. aoteulonos 


= a er 
wi ben ost: 
& avd ‘teva che a i’ Z ateldw o: 


soAasbive, leoiveiooixes bua Le@tpoloosim.as! 
:HSUOLERSIMMOD Sir 


fyewe Eloo wor 


tanoleainitic? 
:MAMOLeSIMMOD ANT 

Ol ditlw etio eseyaeve 2502's 

-Unez> seiM .#sY 

safe ,woy AnecT 

ity 21 ,bentlave vitedad daa, 

. ane sonsbive ots 30 Ness 


24 


2 


ANGUS, STONEHOUSE & co.tTo. Cronk (Argument) 216 


TORONTO, ONTARIO 


and certain of the pathologists who have testified 
forathe HospitaliforsSicksCchildréns i oiewil2 dovso; 
sir, for two purposes, in the hope that it will be 
of an assistance to you. 

First, as a basis for submissions, 
which will later be made by Mr. Lamek concerning the 
Significance, if any, to be attached to the actual 
digoxin levels and concentrations that were measured 
in tissue and blood os ees from certain of these 
children, and, secondly, as a basis for submissions 
which " will be making concerning the suggestion that 
there are problems or difficulties with either of 
thecintegrityi ofecertainsofttthessamples ,ethemselves, 
the sampling techniqueSthat were used, the analytical 

techniques that were used to measure the digoxin 
concentrations, all of which it might be said, 
have rendered certain of the results unreliable 
or unintelligible. Some of the matters which will 
be reviewed today, sir, with your indulgence, there 
is, in fact, no disagreement amongst the many experts 
that you have heard. On some issues there is a 
great variation in opinions held and, as well, in the 
level of confidence attached by the experts to the 
opinions which they have expressed. At times, sir, 


therefore, it may appear to be a summary or a review 
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of much of the evidence on these basic pharmacological 
issues, rather than submissions designed to advance 

One position or another and where this is the 
Case, Sif, 1f-1S cone £or two purposes, first, to 
identify the areas of agreement amongst the experts, 
who testified before you, and secondly, the converse, 
to identify for you the areas of dispute, the areas 
where divergent opinions have been expressed. 

In the hope that it might be of 
assistance to counsel and to you, sir, I have prepared 
an index to the subject areas of submissions that 
ay ait be making today. It has been made available 
to counsel “Il provide one to you, sir, so there is 


at least some indication of where I intend to go 


and at what particular stage we are at during the 


course of the day. I believe it has already been 
provided to you, sir. 

I propose, as you will see from the 
index, to deal first with the basic evidence that 
you have heard, concerning the drug, digoxin, itself, 
its function and effect. Some of the submissions you 
have heard from various pharmacologists as to the 
pharmacokinetics of the drug, and by that, sir, I 
Mean the chemical and pharmacological evidence 


concerning the movement and pattern of behaviour of 
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the drug in the body once administered, be it 
administered by iat avero ue or oral routes of 
administration and, as well, with certain of the 
evidence dealing with the therapeuticuse of digoxin 
and, in particular, as it was used during the 


inquiry period in the Hospital for Sick Children. 
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Yow will ‘see as well f'sir,; ‘that it is 
my intention to deal with the techniques, or the 
detection and measurement of digoxin concentrations 
and samples of all kinds, tissue and blood specimens. 
I propose to deal with the evidence that you have 
heard concerning the reliability of the various 
analytical techniques that are available given the 
current state of the art, and in particular to review, 
sir, and to make submissions to you concerning the 
proposition that what has been called before you 
Substance X, and that is a dogoxin-like substance, may 
account for some of the levels that were realized in 
these children. Then to deal, sir, with the problems 
which are attendant on interpretation of the digoxin 
concentrations that are measured in various specimen 
types. Then to deal with the actual levels that were 
measured. Then finally to deal with the facts as they 
have been adduced before you as to how the drug was 
treated at the Hospital for Sick Children, the forms 
in which it was available, the manner of its storage 
and the circumstances limiting access to the drug, and 
finally the rules as to who might be in a position to 
administer the drug and under what circumstances. 

Dealing then first, sir, with the 


general evidence that you have heard concerning the 
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drug and specifically its function and effect. I 
think I can with a great deal of confidence suggest to 
you, Sir, there has been absolutely no disagreement on 
at least this issue amongst the experts, and that is 
the drug digoxin itself as a derivative of the 
Foxglove plant was known - its first recorded clinical 
use was known to have occurred in the late eighteenth 
century. You have heard extensive evidence on the 
drug from Dr. Mirkin, Dr. Spielberg, Dr. Kauffman, 
Dr. Hastreiter and others. Dr. Spielberg in particular 
has testified that the drug is in fact a reasonably 
old one, it has been used, in his opinion, with 
literally millions of patients with beneficial 
therapeutic effect. The pharmacologists who testified 
before you were in agreement, however, including 
Dr. Spielberg, that although the drug has that lengthy 
history both of use and identity to pharmacologists, 
there is an enormous amount about the drug that is 
yet to be discovered and fully defined, although much 
has been learned about the drug within the last three 
to four years that was not previously known or 
investigated in depth. 

In chemical terms, Mr. Commissioner, 
Dr. Mirkin has described for you the basic composition 


of the drug. It is essentially as he described it a 
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steroid having three components. First a steroid 
nucleus found in all hormones in the human body. 
Secondly, a lactone ring. Thirdly, a chain of links 
comprised of sugar. The reason that is of interest, 
sir, in terms of a basic understanding as to how the 
drug works is because it is the similarity of the 
steroid nucleus found in digoxin to other compounds 
naturally occurring in the human body that makes it 
difficult to distinguish digoxin from other chemical 
compounds when various tests and techniques are 
applied. 

In modern terms we have heard, sir, 
that digoxin is primarily used for the treatment of 
patients with congestive heart failure. It has two 
predominant functions. The first one, sir, is to 
improve the efficiency with which heart muscle, the 
myocardium,contracts so as to assist in the more 
effective circulation or pumping of blood by the heart 
throughout the entire body, that is its primary ° 
function. It has as well a number of secondary - 
functions, as for example its effect on the conduction 
system of the heart and its use to treat disturbances 
of cardiac rhythym, that is the electrical activity 
of the heart. 


As you know, sir, and you will forgive 
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me perhaps for restating the trite, the heart anatomi- 
cally has four chambers, the left and right atrium 
and the left and right ventricals, the latter of which 
function essentially as the pumping stations of the 
heart. 

To understand how the drug 
behaves we have heard from the pharmacologists that 
we have to understand what its effect is on the 
various chambers of the heart. Impulses arising in 
the atrium, or the atria chambers of the heart are 
carried through a network called the atrial ventricular 
node to the ventricals causing it to contract. 
Digoxin acts to ieee the force of contraction in 
the ventricals and as well the rate of conduction of 
impulses from the atria to the ventricals. The latter 
effect can lead, according to Dr. Mirkin and 
Dr. Spielberg, to atrial ventricular dissociation, 
that is the independent beating of the ventrical at 
a very slow rate causing the heart in some instances 
to completely stop beating. If that occurs, sir -- 

THE COMMISSIONER: Ll am sorry, I am 
having trouble with that. 

MS. CRONK: tL will back up, Sir. We 
have heard that the basic premise as to how the drug 


works is to increase the force of contractions that 


Tope 


pp elsetsncaee or 


4, 
j . teed | “77 
A ie 
A ¥ Sal | or t 
| aff @ | f edt mon? b=s0:! avati su. esvadod | 
ont oo ab suerte eat Sew Sessersbon ©: Ssynit Sw i 
| at motel se aeetugnl: Sesecvels 26 s8adiieis eueltey The 
—_y 
| ns tus eft to eandaads $etseoads to ,murote ait rr 


vofvetstose Datesn aft Saliao dumiden 6 dproits So:a-8 lies 
_shbaenes cf Sipabeoko Binetstesv aie os shox & 
nk gpoOlsoAvsnes. 29 send? wt) emegtsnl ef whos oixkup 2 


to nolzouvinct. 30: Stam eft tiow oe bas eleolstaey id " 

, tert) ef valens2aney ents og ottta ad) Most eeeluemt 
bas atduéh (20 peg pnifretps «heal 6.0 3 yet De ys 

,obvaiocsebh veluotasaev iciude od wresdis- 7h «19 

Se Iisolatuer ay io paisesd snetoogeacs ame 21 267 
aosaageal oman ms trast eng Paicueo ster wole yEov « 7 


A> one ‘tia, eswso0 *a43 3% «~paiveed gote y/ aseiam> 
me Rauxeoe ae tT 3«saawtTeRIMNOD HT 
me @ ate . sede Gai altite=d paiva 
ew sate .qu deed Tiiw T |S aMOAD . SM 
pe ot? wod od on ogimexc clacd sit dens Grand <>! 
- gedo eapdsowntnoe 3a soz9? ahd eesexon! cr al 2x1 as 


ANGUS, STONEHOUSE & CO. LTD. Cronk (Argument) 223 


TORONTO, ONTARIO 


take place in the ventricals of the heart. 

THE COMMISSIONER: That" seriqhnt. 

MS. CRONK: And as well it operates 
to affect the rate of conduction of impulses which 
flow from the two atrium chambers to the ventricals, 
we have two effects then of the drug. If in fact the 
effect on the rate of conduction is pronounced it can 
lead to what has been described as atrial ventricular 
dissociation. You will recall that Dirks Mirkin in an 
attempt to express it in layman's terms suggested that 
the rate, the beating of the heart caused by the 
atrium can-in fact be a different rate than occurs in 
the: ventricals<., wf, that Sater the. ventricals:can 


start to beat independently at a very slow rate. That 


only happens if the conduction rate is affected by the 


drug, but if it does it can in extreme cases cause the 
heart to stop beating altogether. The pharmacologists 
have called that AV block or atrial ventricular 
dissociation, two different rates between two different 
types of chambers in the’ heart leading in extreme cases 
to the ultimate and slowing of the heart rate to AV 
block. 

THE COMMISSIONER: Yes, I guess I 
understand that. You say digoxin - first of all on 


the pump, on the ventricals? 
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MS. CRONK: Thats: right , tsi. 

THE COMMISSIONER: You say it increases 
their beating? 

MS. CRONK: We have to distinguish 


between, as I understand the evidence, sir, we have 
to distinguish between two concepts; it operates first 
to improve the efficiency of contractions. 

THE COMMISS IONER: Yes. 

MS. CRONK: That is the effect on the 
pumping chambers and the ventricals that you have just 
spoken of. 

THE COMMISSIONER: When you say improve 
the efficiency, you mean make it regular, steady? 

MS. CRONK: That is correct, sir. 

THE COMMISSIONER: yes. 

MS. CRONK: Then the second effect is 
actually on the heart rate itself on the conduction 
system, and it is particularly, for example, prescribed 
in situations where disturbances in cardiac rhythym 
have been diagnosed where there is an irregular rate, 
and it is intended that the drug operate on that to 
control the rate. I will explain that in physiologic 
terms in a moment, sir, but those are the two basic 
premises. 
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1 

2 way. We have heard from the experts, sir, that ina 

3 patient with a failing heart, with congestive heart 

4 failure, the cardiac output of the patient is reduced. 

5 What that means effectively is that the amount of 

F blood that is pumped out by the heart per beat is 
diminished. Digoxin by improving the efficiency of 

i contractions of the heart increases cardiac output, it 

° allows more blood to be pumped out per beat. In 

9 addition, however, and quite distinctly, it causes the 

10 heart to slow its rate in recognition of the increased 

11 blood flow. Dr. Mirkin has described this phenomena 

12 in this way. He said that when you have a situation 

13 where the cardiac output is diminished the body, the 
heart, tries to compensate in a natural way by 

i .increasing the rate of the heart, as the rate of the 

ve heart is increased obviously, sir, more blood is pumped 

16 Where it naturally has a lower output the rate is 

17 increased naturally by the body. What digoxin seeks to 

18 do is to counteract that situation by increasing 

19 cardiac output and simultaneously slowing the rate to 

20 achieve a natural state of equilibrium. That was the 
evidence, sir, of Dr. Mirkin and I would refer you to 

2 Volume 4 at pages 505 to 507 of the evidence. That, 

2g sir, in principle is how the drug is intended to act 

gE: and in fact is perceived to work. 
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In my Bd seta eeete:! a general 
understanding of the pharmacokinetics of the drug are 
essential to an assessment of the significance to be 
attached to the concentrations of digoxin that have 
actually been measured in some of these children. 
Again the patterns of movement and behaviour of the 
drug have been outlined before you by a number of 
pharmacologists. I don't propose to deal with it in 
any detail but rather to refer you to certain portions 
of their evidence. They have advanced an explana- 
tion for the basic Serecde of the drug. They have 
told you, sir, that the primary desired effect of the 
drug, that is the improvement of the efficiency of 


contractions of the heart muscle is thought to occur 


aS a result of the interaction of the drug with 


protein receptor sites located on the outer membrane 
OL Gardiacrcelis, 

You may recall, sir, that Dr. Spielberg 
testified at length with respect to this phenomena. 
He has said in evidence that digoxin must bind to a 
particular protein receptor in order to have any 
pharmacological effect in the body whatsoever. In 
my submission, sir, this is a fundamentally important 
concept to understand how the drug works. The 


evidence from all the pharmacologists has been that 
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so long as the digoxin is solely in the blood or serum 
of the human body it has absolutely no biological 
activity at all. In order to have any pharmacological 
effect, be it a therapeutic effect or a toxic effect, 
it must effectively reach the tissues of the body. 

Dr. Spielberg has said that these protein receptor 
sites and cardiac cells are known as sodium potassium 
ATP ase. Quite apart, sir, from the fact that it has 
taken approximately eleven months for some of us to 
pronounce that term correctly, I think the concept when 
examined is not a particularly difficult one. 

Dr. Spielberg has said that these 
particular sodium potassium ATP ase are effectively, 
according to the current state of the medical art, 
enzymes that regulate the amount of sodium and 
potassium both inside and outside of cardiac cells. 
The state of the art suggests, according to 
Dr. Spielberg, that digoxin once administered affects 
the balance of the sodium and the potassium inside and 
outside of these cells such that calcium is allowed to 
enter the cell. It is his opinion, based on his 
experience and research in the area, that it is the 
entry of calcium into the cardiac cell that is thought 
to permit the functioning of digoxin to improve the 


pumping efficiency of the heart or contractions of the 
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heart. 

So to restate it, sir, the primary 
effect of digoxin according to Drs. Spielberg and 
Mirkin is accomplished in that way, that is by the 
effect of the drug on the sodium potassium ATP ase 
enzymes on cardiac cells. A different chemical 
explanation however is advanced for the second affect 
of digoxin, that is its effect on the rate of 
conduction in the human body. According to 
Dr. Spielberg this effect on heart rhythym or heart 
rate is achieved from a very different kind of 
pharmacological activity. The vagus nerve we have 
heard, sir, originates in the brain and that it 


helps to control heart rate by virtue of its affect 


and what has been called the synoatrial node located 


in the atrium of the heart. Digoxin has a direct 
effect on the vagus nerve in the brain which in turn 
alters the rhythm of the heart by slowing the 
response rate of the ventricals to the faster rate of 
the atria. 

In simpler language, Mr. Commissioner 
and perhaps this is the point where I should have 
started, Dr. Spielberg and Dr. Mirkin have described 
the functioning of digoxin in two ways. They have 


said that first it interacts specifically on cardiac 
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cell receptors to increase the force of contractions 
in the heart. 

Secondly, it acts on the vagus nerve in 
the brain to block or slow conduction having the result 
of slowing the heart rate. 

We come then, sir, to the normal routes 
of administration of the drug and the pattern of 
behaviour of the drug depending on the route chosen. 

We know, sir, that the normal routes are intravenous 


or oral and intramuscular. 
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The pattern of the behaviour of the drug varies 
enormously we have heard depending on two things: 
first,- which route ofeadministration is, chosen, 
and secondly, the characteristics of the patient 
himself. 

All of the pharmacologists who 
have testified before you are agreed that there 
are significant individual variability with the 
use of digoxin. And by that they have said that 
each individual will respond to the drug differently 
depending on that individual's clinical condition 
and chemical makeup, and that the potential for 
thatsdegree, of variability is very important in 
assessing the actual results, the concentrations 
that were measured in the 36 infants with which 
this Commission is concerned. 

I propose to deal, sir, with the 
intravenous POUtesOr aching SttractOnylLirsi. 

Dr. Spielberg.and Dr. Mirkin 
had testified that when digoxin is administered’ 
intravenously it first enters the serum or blood 
plasma resulting initially in extremely high 
concentrations of the drug in blood. Within 
several minutes, according to Dr. Spielberg, and 


within several seconds according to Dr. Mirkin the 
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level rapidly decreases and the drug enters a 
central compartment or volume of distribution. 

From the central compartment it 
then distributes to the rest of the body; that is 
to the tissues. This entire process of distribution 
(that is the movement of the drug from the moment 
that it is administered through to its entry to 
the central compartment or volume of distribution 
and from there out in the body to the rest of 
the eiestes and organs in the body) has been called 
the Alpha Phase. The time at which it reaches 
its final concentration or steady state is at the 
end of the Alpha Phase. 

In effect, sir, the evidence 
demonstrates that the circulatory system of the 
body acts as a transport system for digoxin once 
it™is~administered. ’You"will recall*that 
Dr. Spielberg spent some considerable time explaining 
this phenomena, the pattern of the Alpha Phase, 

On atchart chat was -rrledsas Exnibit 2L7* (Lp; sir. 
.His evidence is that the time 
requirede ror -a1goxin to distribute=rrom*its*central 
compartment or volume of distribution to steady 
state (that is the end of the Alpha Phase) declines 


with a half life reported in the literature as 
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1 

2 between 20 to 60 minutes. He estimated half life 

3 was 30 minutes. 

4 The concept, Mr. Commissioner, 

5 of half lives associated with digoxin is again 

6 in my submission a most important one in understanding 
the pharmacokinetics of the drug. Effectively 

: what this means according to Dr. Spielberg is 

: that in each half life half of the drug which 

9 is in the central compartment or volume of 

10 distribution will leave that compartment and enter 

11 tissue, 

12 . It requires approximately 5 half 

13 lives or 23 to 4 hours from the time of administration 
of the drug for it to achieve steady state or 

ss reasonably full distribution. 

: For example then, sir, you will 

16 remember in detail this evidence, that if - again 

17 assuming intravenous administration of the drug 

18 it takes either a few minutes or a few seconds to 

19 decline from its initially very high peak concentra- 

20 tions. Once it is then in the central compartment 
of distribution, if the level for example is 

= 20, then the next half hour the level drops to 10. 

ze THE COMMISSIONER: You are speaking 

es of the central compartment; you are not speaking 
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of a place, are you? 
MS. CRONK: No. The evidence 
has been, and I should have clarified that, although 
over several months that is how I thought about 
the concept. But the pharmacologists have 
indicated that it is really an abstract concept 
designed to pinpoint a point in time in the movement 
ofe'the-drug. 
THE COMMISSIONER: It goes into 
the bloodstream and it leaves the bloodstream I 
take it at various places. During this Alpha 
Phase it leaves the bloodstream, some going to 
the heart = 
MS. CRONK: Yes, that's correct. 
THE COMMISSIONER: And some going 
to the brain and various other parts of the body. 
MSty CRONE :fuThatisscomrect), six. 
THE COMMISSIONER: At different 
"rates. 
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1 
2 THE COMMISSIONER: And the 
3 compartment; itfiswnotdakreal - 
4 MS. GRONKsinitlisecertainly 
5 not sa iphysicalwlocationewithinetherbody pfosir: 
The concept as I understand ithesconeatomindicate 
: that there is a period of time after initial 
d administration of the drug when the drug is still 
8 accumulated in the blood ~~ 
9 THE COMMISSIONER: Yes. 
10 MS. CRONK: - when it is at a 
11 Significantly high level.. It then over the course 
12 of time distributes out in tissues. 
Aside from whatever scientific 
e interest there might be in this, sir, it is important 
ie to ene interpretation of the levels of these 
15 children because if a sample is drawn at a time 
16 when the drug has not yet fully distributed, we 
i have heard that it can result in very high falsely 
18 elevated readings. 
19 . THE COMMISSIONER: That is quite 
right.. Geltieis justisthis compartment plcamtstill 


having some trouble with, but I take it really what 
is happening, it goes into the bloodstream and 
comes. ‘out ofthe bloodstream. It:.comes out, 


however, at a comparatively slow rate. It doesn't 
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1 
< come out immediately. It comes out slowly and 
3 its-one halfslifeswouldibe: 80 minutes, butva 
4 whole life would be something like 23 hours. And 
. that is the time it takes to get out. Somewhere 
6 along the line you call this the compartment, 
or experts call it the compartment, do they? 
J MS..ECGRONK:» Togdealawith itedn 
8 the concept that you have advanced, sir, at the 
9 very start of the time when it begins to distribute 
10 to tissues we are dealing with the central compartment 
11 But then as you have suggested it takes anywhere 
12 from 24 to 4 hours to fully distribute to tissues. 
13 The relevance or importance of 
this concept of half life is simply to recognize 
= that the levels measurable in blood change 
42 dramatically depending at what point in time you 
i have taken the sample. And if you have taken it 
17 before steady state or full distribution has been 
18 reached, the concensus amongst pharmacologists is 
19 you may get an extraordinarily high blood level 
20 which is easily subject to misinterpretation. 
a Tn adapeion , Tsimjnawetcan!t 
unfortunately leave the matter there because after 
2 


the Alpha Phase we have to be concerned about 


23 5 
something that pharmacologists have described as 


24 
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Beta Phase, and what that is is the process 

whereby digoxin is eliminated from the body. 
itrappears, sir, accozrdingtito 

the pharmacologists, that some digoxin in very 

minute quantities is in fact eliminated during 

the distribution or Alpha Phase, but predominently 

the elimination of the drug occurs after steady 

state has been reached. 

We have heard that digoxin can 
only be excreted through the serum; that accordingly 
once steady state has been reached the digoxin 
that has been distributed to the tissues begins 
to re-enter the blood or the serum. It does so 
in one of two ways: it is either transported by 
the circulatory system to the kidneys where it 
is excreted, or alternatively it is metabolized 
or broken down in the liver. Those are the only 
modes of exit for the drug from the body regardless 
of the route of administration that was chosen. 

THE COMMISSIONER: Metabolized — 
through the? 

MS. ‘CRONK:.. Through’ thervliver, sir. 
And by metabolization we have heard that the 
experts are referring simply to the breakdown 


or degradation of the molecules of the drug ina 
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1 
2 particular organ; in this case the liver. 
3 Once again, sir, we have to be 
4 concerned about the half life of the drug during 
5 the Beta Phase. That is how long does it take 
for the drug to be fully eliminated from the body? 
6 
Dr. Spielberg has testified that 
7 
this amount of time is highly variable depending 
8 on chiefly three factors: the age of the patient, 
9 certain genetic and clinical differences such as 
10 the efficiency of the kidney whether there is any 
11 impaired renal failure - I'm sorry, any impairment 
12 to the kidneys - and thirdly, it depends on the 
2 rate at which the patient's liver metabolizes the 
1 
fea ble 
14 
He estimated that the half life of 
18 digoxin in the Beta Phase is anywhere from 20 to 
16 80. hours, and that, sic ,.11s.+one half slite. «Now 
7 it may vary enormously depending on the age of 
18 the patient. 
19 THE COMMISSIONER: Did you say 
20 at OnbOs2 
20 
MS. CRONK: 20 to 80 hours for one 
21 
habit ls Ge. 
22 oar 
Again it can be very different 
23 depending on the patient. His evidence before you is 
24 
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that the total elimination of the drug from 

the body therefore takes 5 half lives or 5 times 
20rtoy Si nourss Lint the=wesult, totaly elimination 
would be achieved 5 to 20 days after intravenous 
administration depending on the characteristics 

of a particular patient. In any given case we 
have heard from both Dr. Mirkin and Drs. Kauffman 
and Spielberg it is very difficult to predict what 
Nad fetter rate: intact’ appl edison ithatyparticular 
patient. 

Assuming then that the drug has 
been distributed, fully distributed in the Alpha 
Phase and that this process of elimination has 
begun, the issue arises as to where we actually 
findinitinine he: bodvrstewe tlookieiorrait and dbegan 
toi:test (for veoncentrations»ofeit. 

Dr. Spielberg has testified that 
certain organs or tissues take up the drug in 
greater prominence than others. In his list of 
descending order of prominence, sir, we will find 
the highest concentration of digoxin, again assuming 
intravenous administration, first in the heart; 
second in the kidney, third in the liver, fourth 
the skeletal muscle and fifth in the brain. 


He suggested that even skin can 
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1 

2 disclose under certain circumstances significant 

3 concentrations of the drug. Dr. Mirkin essentially 

4 agreed with the list offered by Dr. Mirkin - 

5 THE COMMISSIONER: Offered by? 

é MSi#-GRONK&e SBY Dee sSpiceiberg,-tsorry, 
who placed the order slightly differently. 

: Dr. Mirkin suggested that the 

: highest concentrations would be found first in 

9 the kidney, followed by the heart and then the 

10 liver. 

11 Thevamounts to “be ‘foundiin- ‘different 

12 tissues, sir, is dependent upon a number of factors. 

13 Again according to both pharmacologists we must 
be concerned with the age of a particular patient, 

ze the affinity of different tissues for the drug 

sy itself, the weight of the organ, the rate of the 

16 Organ or tissue blood flow, the nutritional 

17 status of the patient, the patient's disease state, 

18 and the role of other medications or drugs. 

19 Again, Siz -fapartvtrom scientific 

20 interest the matter is of importance in interpretation 
of these levels for this reason: it is clear that 

. depending upon the particular patient involved a 

a sample taken for example from the heart tissue may 

2s yield much higher concentrations of the drug than 

24 
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will a sample taken, for example, from the liver 
which Dr. Spielberg places lower down on the list, 
or a sample taken from the brain, again lower down 
om thepiaiste 

Again that may differ depending, 
if two different patients are involved, the 
concentrations measurable may be different according 
to the patient. 

Dr. Spielberg has testified that 
a number of factors are relevant if we are going 
to try to extrapolate from a serum digoxin 
concentration the effect of the drug on tissues 
or vice versa. In other words, sir, if you have 
a measured concentration either in blood or in 
tissues can it scientifically Seek be said to 
represent what is in the other specimen type? He 
has said that the relationship between serum 
concentrations and tissue concentrations are age- 
dependent, the proposition being that there may 
be more digoxin receptors in infants than in adults. 

What this means, sir, is that 
higher concentrations can be measured in infants 
than in adults. The reason that that has importance 
in interpreting these levels is that much of the 


reported literature which sets out or describes 
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toxic ranges of the drug are taken from case 
studies particular to adults; that it becomes 
difficult to extrapolate from literature that 
deals with toxic levels in adult serum samples to 
what a toxic level is in an infant. 

Dr. Spielberg has also suggested 
it is conceivable that the protein receptors that 
he spoke about could become saturated, and if this 
were so he postulated the level of the drug in 
blood could be falsely elevated. 

This concept of potential saturation 
of receptors was a contraversial one, sir, and 
I can tell you that you may recall in the evidence 
that other pharmacologists did not place as high 
a degree of confidence in the concept as it appeared 
did Dr. Spielberg. However, Dr. Spielberg himself 
acknowledged there was no hard scientific data 
which established one way or another whether or 
not receptors could become saturated. He simply 


felt it was a reasonable pharmacological proposition. 
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I come then to the movement and behaviou 
of the drug, if the oral route of administration is 
utilized, as opposed to the intravenous route, sir. 

The importance here is that the distribution curve, 

the movement of the drug, itself, if it is administered 
Orally is vastly different than if it is administered 
intravenously. You will recall, sir, we have heard fro 
Dr.Mirkin that when digoxin is administered orally 

it enters the body through the esophagus, moves down 
into the intestines where it is absorbed and upon 
absorbtion is transported through specialized blood 
vessels back into the liver. A small portion of the 
drug, while it is in the liver, is metabolized or 


broken down, but the balance is then transported by 


-the general blood circulatory system throughout the 


body to various other tissues and organs. It thus 
encounters, if you will, the liver first and moves 
from there out and distributes to other tissues and 
organs in the body. 
According to Dr. Mirkin the result of 

oral administration is that the peak blood digoxin 
levels occur one to two hours after the drug is taken. 
Dr. Spielberg estimated that the peak occurred one to 
three hours after the drug was taken. This is of again 


a fundamental concept perhaps, sir, because it high- 
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lights the enormous difference between the movement 
of the drug if it is administered intravenously and 
the movement of the drug if it is administered orally. 
You will recall that if it is intravenously the peak 
scrnaiy occurs within minutes, according to Dr. 
Spielberg, within seconds, according to Dr. Mirkin 
and when we come to oral administration in combination 
their evidence suggests that it is anywhere from one 
to three hours before those peak concentrations are 
reached. 

In addition, concentrations which are 
Measurable. in blood at the peak level, if it has been 
administered orally, are approximately five times 


aS great as are found:iat steady state, which is 


achieved approximately six to twelve hours later. 


If you take a blood sample in that 
initial one to three hours after the drug has been 
administered orally you are going to get a level that 
is, according to Ds. Spielberg, likely five times as 
great as you will find at steady state when the drug 
has begun to distribute. 

There are thus three major differences 
between oral administration and intravenous administration, 
Mr. Commissionor,First, the peak or maximum blood 


concentrations in the case of oral administration 
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Occur approximately one to three hours after the 
drug is akon? whereas if it is given intravenously 
it occurs immediately within minutes or seconds. 

The second major difference is that 
the peak concentrations following an eka dose are lowe 
than the peak concentrations following an intravenous 
dose. 

Third, the drug tends to distribute 
amongst tissues following an oral dose in a pattern 
different from that observed following an intravenous 
administration. With a single dose given orally 
Dr. Mirkin has testified that high concentrations 
will be found first in the liver, which is, as you 


will recall, is the first organ the drug encounters 


- On its distribution path, followed by the heart and 


followed by the kidney. 
The next issue then, sir, is how the 


drug is used therapeutically in light of the given 


State of the art the given extent of scientific 
knowledge as to how it works in the body. 

The evidence before you has’ established, 
sir, that patients of different age groups have varying 
degrees of senitivity to the drug. Dr. Mirkin has 
testified that in light of the importance of the age 


factor infants generally receive digoxin in twice the 
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doses per unit of weight as do adults. That does not 
mean, Sir, that the total volume given to an infant 
is twice the total amount given to an adult. It 
simply means that when measured, according to the body 
weight of the infant, it is proportionately higher. 
The pharmacologists and the cardiologist 
who testified for you, have agreed that the drug 
has what they call a low therapeuticindex. What that 
Means, sir, as I understand their evidence, is that 
the concentration of the drug which produces toxicity 
and in some cases fatality, does not greatly exceed 
the concentration that will produce a desirable 
therapeutic effect. 


While there are recognized symptoms 


_ of digoxin toxicity, the cardiologist and pharmacologisit, 


who testified before you, agreed unanimously that there 
are no symptoms diagnostically indicative of or 
specific to digoxin. In other words, while there are 
avnptone which are suggestive of digoxin intoxication, 
and can be regarded clinically as such, they may, 

in fact, be due to a myriad of other causes. I refer 
specifically, sir, to the lengthly evidence given by 
Dr. Rowe on this matter, which is found at Volume 19, 
commencing at page 3325. 


Dr. Rowe listed for us the various 
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clinical symptoms which he felt were suggestive of 
aVGOxLIN -toOxiereyse “They “intiuded;, first, heart block 

or AV Dissociation Second, arrhythmias, such as 
ventricular"fibrillation;a very fast heart rate. 

Third, rhythm disturbances detectable by electrocardio- 
gram changes. Forth, persistent vomiting and nausea. 
Fifth, bradycardia, a slow heart rate. Sixth, sudden 
terminal events. Seven, Shallow respirations. 

Dr. Mirkin, sir, essentially agreed 
with the symptoms that had been outlined by Dr. Rowe 
and added others that were particular in the case of 
adults which we-need not be concerned. Dr. Spielberg 
agreed, particularly, that nausea and vomiting, 


bradycardia and arrhythmias which he calls 


_dysrhythmias are manifestations of digoxin toxicity, 


although non-specific. Dr. Spielberg added to the 
list, as the eighth factor, low serum potassium and 
increased calcium levels. 

There was, aS you may recall, sir, 
a certain amount of disagreement amongst the experts 
as to whether or not convulsions or seizure -like 
activity observed in infants was a symptoms of digoxin 
toxicity. Some felt that they were, some felt that 
it was not and it is certainly true, sir, on the 


evidence that in a large number of these children 
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seizure-like activity of one degree or another was 
observed clinically prior to their death, and, indeed, 
as part of the agonal or terminal events.There ate,as well, 
sir, certain situations where the drug is contra- 
indicated in situations where the experts have said 

a particular infant may be pre-disposed or more 

sensitive to digoxin toxicity than others. The 
circumstances, sir, are, in my submission, important 

to an understanding again of the levels that were 

measured in these children because it may well be 

that certain of these children had conditions which 
orotate cees them to digoxin toxicity, such that a lowe 
amount of the drug would cause toxicity than would 
otherwise be expected or required. 

Dr. Mirkin, for example, indicated 

that where a patient is suffering from ventricular 
tachycardia it was a clear case where the drug should 

not be used. It was contra-indicated in that case. 

In situations where there are significant 

electrolyte imbalances, and by that, low potassium 
levels or high calcium levels, the drug should be 


used with cautiom:. Again, because in some patients 


depending on their age and their condition, they can 
be sensitive, made more sensitive to the drug, because 


oftheir | iioeleetrolyte imbalance than would otherwise 
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be the case. 

Thirdly, if there are abnormalities 
in the endocrine system the patient maybe more disposed 
to digoxin toxicity than would otherwise be the case. 

Fourth, situations where a patient 
has an intrinsic heart dysrhythmia prior to the 
administration of any medication, that is if there 
is an inherent history of arrhythmias, without the 
introduction of any medication . 

Then fifth, suggested -- 

THE COMMISSIONER: Just a minute before 
you go on. What is the purpose of digoxin if it is 
not to correct these arrhythmias? 


MS. CRONK: Sir, clearly from what 


. the pharmacologists have said, it can have a very 


desirable theraputic effect. The thrust of theirevidenc 
is that it has to be used with caution. In a therepeuti 
context a very close monitoring must be kept of the 
reaction ef a ‘particular patient to the amount of 
the drug that has been given. That is because, for 
example, if there is a prior history of arrhythmias 


a smaller amount of the drug may produce toxicity 


than would otherwise be expected. 
You will recall, sir, that we heard 


at length from Dr.: Ellis and Dr. Soldin, as to what 
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the objectives are, of the use of digoxin and its 
measurement in a clinical or hospital setting, the 
purpose is to achieve a balance between the desired 
therapeutic effect, at the same time, avoiding any 
pOssibisety-orstoxicity. 

These are really situations, sir, 
where the pharmacologists, as distinct from the 
clinicians have said that patients may react more 
adversely to the drug than otherwise if the wrong 
amount of the drug is given at a particular stage in 
the client's course in the Hospital. 

Sir, I am about to move to another 
area. Do you want to take a break at this time? 


THE COMMISSIONER: Yes, 20 minutes. 
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=--On, resuming... 

THE COMMISSIONER: Yes, Miss Cronk. 

MS cat RONKG Dank VOU sy) Si? esol’ j- 
propose next to deal with the evidence of various 
witnesses concerning what is or is not an accepted 
therapeutic range of digoxin level in an infant, 
and similarly what is or is not a recognized toxic 
range for a digoxin level, again in an infant. 

The evidence before you in this 
regard, dealing first with Dr. Ellis and the 
Residents Handbook of Paediatrics published at the 
Hospitals form Sick Children, in (1979. Dr... Ellis 
indicated that in.the handbook the levels are 
described thus: Under 0.5 nanograms per millilitre 
is indicated to be indicative of under digitalization. 
0.5 to 2.5 nanograms per millilitre is expressed as 
being Optimal, pehatvis.therapeutic.. 2.5. to, 3.0 
nanograms per millilitre is expressed as being the 
overlap area. Greater than 3.0 nanograms per 
millilitre is expressed as being over digitalized 
OLLtexic. 

Dr. Ellis testified that during the 
enquiry period, that is July 1980 through to the 
end of March 1981, those were the guidelines that 


applied at the Hospital for Sick Children, and as a 
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result any level of greater than 2.5 was technically 
to be considered in the toxic range, or at least in 
the overlap range potentially toxic. He did however, 
indicate that the guidelines as set out in the hand- 
book were derived from research studies particular 
to adults and not infants, and accordingly there was 


a footnote to that particular section of the handbook 


which drew to the attention of those who would be 
uSing and relying on that handbook that infants could 
in fact tolerate higher levels than were recorded in 
the handbook. That is found, sir, at page 365 of 


Exhibit 16 the handbook which has been filed. 


There is a consensus among all 
witnesses, Mr. Commissioner, as I alluded to earlier, 
that infants can in fact tolerate higher concentration 
or drgoxin=tnan -dosadults: 

The evidence of the pharmacologists 


as to what is or is not an accepted therapeutic range 


differ slightly from the evidence of the cardiologists 


on the same issue. 


Dealing first with the cardiologists, 


we heard from Dr. Rowe that although the guidelines 
in the Residents Handbook indicate a therapeutic or 
optimal range ots. 5 “to 275s "nanograms per milfilivecre, 


children can in fact have much higher blood concentrations 
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without experiencing any toxic effect at all. Those 
were Situations where the baby was healthy, there were 
no manifestations clinically of toxicity and the baby 
survived. 

He testified however that a level of 
10 nanograms in his opinion,in an infant.was at least 
twice the maximum therapeutic range. A level of 
3.5 nanograms would cause him as an experienced 
Cardiologist tolwithhold furthers digoxin and, to watch 
the child fairly closely to see if clinical symptoms 
of toxicity were in fact manifested. 

Dr. Fowler testified that his impressio 
during the relevant nine month period was that a 
Peeneeent le level was below 2 nanograms per millilitre 
for an infant, although a patient could experience a 
level as high as 4,again without manifesting symptoms. 

Dr. Freedom put the therapeutic range 
as between 1 to 3 nanograms per millilitre. Dr. 
Bain not a cardiologist but a very eminent and 
experienced paediatrician testified that the desired 
therapeutic level was somewhere under 2 or 3 nanograms 
although a level of up to 3.5 was acceptable. 

Dr. Hastreiter at the Preliminary 
Hearing involving Susan Nelles testified that for pre- 


mature Or new born babies the cut-off point was 4.5 
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nanograms. For babies aged 3 to 12 months the cut- 
off was 3.5. Once an infant became a year of age or 
Older the level reverted to that applicable for adults 
and the cut-off became 2.5. That was his evidence 
that premature infants or neonates could tolerate a 
higher range 4.5 and it went down in descending order 
according to the age of the child. 

Amongst the clinicvans,; Sire -inwan 
effort to summarize what the evidence has been, the 
highest level mentioned as being .within the therapeuti 
range was that of Dr. Hastreiter for neonates a level 
Of aS" ‘The majority of the cardiologists at the 
Hospital for Sick Children placed it between 2 and 3.5, 
beyond that any level would be of concern. The 
pharmacologists and biochemists as I have suggested 
dealt with it slightly differently. Mr. Cimbura 
suggested that as a general guideline a level of 
up to 3 to 4 in a pre-mortem plasma sample is what 
he would have regarded as within a therapeutic range. 

Dr. Mirkin indicated that in young 
children or infants a level of 2.5 nanograms would 
be the cut-off point, that is the upper therapeutic 
limit, although it would not be unusual for infants 
again to have levels of 4 or 5 without exhibiting 


signs of toxicity. On balance then he suggested that 
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the range for infants today would be considered 
properly to be between 2.5 and 5 nanograms per 
midjida tre. 

Dr. Speilberg suggested that the level 
for adults was as stated in the handbook, that is 
between .5 and 2.5 nanograms and didn't define how 
much high he felt would be a therapeutic range for 
infants. 

Dr. Kauffman put the level for infants 
between .8 and 3 nanograms. Dr. MacLeod suggested 
that higher concentrations of 3 or 4 could be tolerate 
in infants. Dr. Soldin put it between .8 and 2 with 
an overlap area of between 2 and 3. Amongst the 
pharmacologists and biochemists then, sir, the highest 
therapeutic level mentioned was that referred to by 
Dr. Mirkin for infants .5 nanograms. The majority 
of the.- 

THE. COMMISSIONER: I. am sorry. 

MS... CRONK asl Mosort ys, .Sik, ioananograns, 
not .5, 5 nanograms, that was the highest mentioned. 

THE COMMISSIONER: Dr. Mirkin did you 
say? 

MS A CRONK aD Vas Gee Liane LOY aintants:. 
He suggested you will recall that the range was betwee 
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THE COMMISSIONER: Yes. 

MS. CRONK: The majority of the 
pharmacologists place the maximum range as somewhere 
between 2 and 3 nanograms, that is Drs. Kauffman, 
MacLeod, Speilberg and Soldin. 

In my submission then assessing what 
has been said both by the cardiologists and the 
pharmacologists leaving aside premature neonates, the 
general therapeutic range for infants may be stated 
as somewhere between 2 and 3 or 3.5 recognizing two 
features, that higher levels can be experienced by 

children without any manifestation clinically of 


symptoms of toxicity; and secondly, given the 


variability that depends on the age of the patient, 
symptoms can be manifested with concentrations even lower 
thanwmene: rangewor a2 tous'tor 3.5% 

We come then, sir, to the issue of how 
one goes about testing to determine what the actual 


tevel or concentration of didoxintingiacthu's inva 


particular patient. You have heard from a number of | 
witnesses as to the analytical techniques that are 
available for these purposes. Mr. Cimbura has 
testified that there are a number of general problems 
quite apart from the particular technique or assay 

used that render the testing of digoxin extremely 


difficult. He said two things in this regard; the 
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quantities of the drug available in the body for 
detection are extremely small. This necessitates the 
measurement of the drug in nanograms per millilitre. 
You will recall, =sitr, that 1 nanogram is one 

br liioenth. of-a"oran: 

He said secondly that digoxin has a 
high molecular weight in chemical terms and that it 
therefore does not render itself to testing on 
various analytical techniques that were primarily 
designed to test chemicals of a lower molecular 
weight. 

As a result of both of those two factor 
he suggested, there was no disagreement on this from 
other experts, that whatever technique is in fact 
employed it must of necessity be 6 eractal haba 
sensitive to actually measure levels of concentrations 
Ofveaigoxain 

Generally, sir, you have heard that 
there are five techniques ctr ene available in the 
scientific community for the measurement of digoxin. 
The first is the radioimmunoassay or RIA technique. 
The second is a technique more recently adopted in 
a hospital setting known as the. fluorescent polarizati 
immunoassay or FPIA technique. The third is high 


pressure liquid chromotography or the HPLC technique. 
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The fourth is mass spectometry coupled with gas liquid 
chromotography; and the fifth is a combination of any 
of the preceding four. 

It is not, Sir, my intention to review 
in detail the mechanics of how these various assays 
work, but it is in my submission relevant to you to 
know what the pharmacologists have said as to the 
reliability of each of the techniques, such that some, 
in the opinion of some of the experts you have heard 
from, are more reliable in actually detecting the 
presence of digoxin and the concentrations of the drug 
that are in fact present. 

Dealing first with the RIA or radio- 
immunoassay technique; in general terms, sir, you have 
heard it involves a competition if you will between 
a sample of digoxin that has been treated radioactively, 
a competition between that sample and a patient's 
sample of interest which may or may not contain 
digoxin of course, and the two compete for a binding 
Site on an antibody. That relates, sir, to the 
pharmacological concept explained by Dr. Speilberg 
that digoxin reacts with protein receptor sites on 
the cell membrane of cardiac cells. There are there- 
fore receptor or binding sites which will take up or 


absorb digoxin on those cells. The radioactively 
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treated digoxin competes with the patient's sample 
for those sites on the cells. By use of a separation 
technique the digoxin that has become bound to those 
antibodies is separated from the digoxin which has 
not become bound, that is still free floating in the 
mixture. The bound digoxin is then transferred to 
a machine, a gamma counter which measures the radio- 
activity present in the mixture on the antibodies. 

A computer process is then used to 
compare the amount of radioactivity present in the 
sample to the amount of untreated or non-radioactively 
treated digoxin so that by a deduction process the 
computer can tell you how much digoxin was present 
in the patient's sample because none of it was treated 
radioactively. 

YOU Wiel recall, sir, that Dr. E2L1lis 
was good enough in his evidence to explain at length 
how this procedure works, and a diagram was filed as 
Exhibit 22 which attempted to illustrate in a step 
by step fashin how the IRA assay that is employed at 
the Hospital for Sick Children works. 

A matter of importance, Mr. Commissioner|, 
is to the interpretation of results obtained on RIA 
assay is the fact that drugs or compounds having a 
molecular structure similar to digoxin can cross 


react on the RIA antibodies. 
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fhe 
EMT/ac 

1 

2 That is they are able to bind with the antibody used 

S in the process just as digoxin is. As a result many 

4 experts have testified before you that a digoxin 

5 level recorded by use of the RIA method may be a 

é level reflecting not only digoxin but digoxin-like 
substances. 

; Lewitt turnein dueyoourse, .sire 

: to the evidence that you have heard chiefly from 

9 Dr. Seccombe of Vancouver and others concerning what 

10 has been called Substance X. But leaving that 

11 aside for the moment, substances that have been 

12 identified as potentially cross-reacting on the 

13 RIA assay are, first, metabolites of digoxin (that 
is the breakdown products of digoxin itself), and 

ms .secondly, separate and discrete drugs which are 

aS chemically similar to digoxin. An example of one 

16 of those given by Mr. Cimbura was digitoxin. 

17 Basically, «sir, youvwilierecall 

18 the evidence of these experts that the various 

19 manufacturers of the RIA kits have through experience 

20 and reported cases in the literature identified 
known drugs which cross-react on the assay, and for 

a that purpose where the drugs are known they have 

fashioned and designed an antibody which will not 

23 attract the known drugs that react chemically similar 
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to’ digoxin? 

The vested of course, arises 
whether or not any particular antibody has been 
more or less refined to exclude the possibility of 
cross-reaction by known drugs. 

The third catagory of potential 
Cress=reactivity Hs, ofcourse, «Substance X. “As 
I have indicated, sir, I will have submissions to 
make with respect to it in a few moments. 

It is this problem of the potential 
for cross-reactivity of the antibodies that are used 
in the RIA assay, sir, that gives rise to the 
question of whether or not digoxin or digoxin-like 


substances are produced naturally endogenously in 


.the body. That is the Substance X issue. 


The next technique available, sir, 
the FPIA method is a technique that is essentially 
Similar to the RIA technique. It involves a 
similar competition process between a sample containing 
a known amount of digoxin that has been chemically 
treated with a patient sample that may or may not 
contain digoxin. Again, a competition for a binding 
site on an antibody. 

Both techniques utilize standards 


and controls containing a known amount of digoxin. 


ooo 


= ee 


| 


a via 7 pene bay i Riel 


“oul ‘eit 


ak %, egmegerine vanaila®: oe alk wabv2geee x-acn=0 
oF dnodssinton svc ihew r Zhe ybaeeobbnL ewes 2 
-aoeorom SOT, & atk PT pa dveqeas dyiw alee 

felshessa) ots’ 26 malidote tds et oF 
bok ans very be bSodtarts sud Io Ysivisceer-s2c1D 261 
afig Go Ssbichaevic gad7 yaie pyseee ALA ona mt 
sALl-~ntnophs x6 Mixophh gon to eisaiwio suioeovp 
ni Yleodienotns yiisttitem Sscehowg, Ste 26-6 Sedye 
sjedk % sonevfated oddest 68T: .ydcod sas 

rhe etaeiieve sUpinisge usa) oar 
viisitagess eo: Jarl? sepknite? a*et Sorgam AIW® sds 
e savlownal 37  cadpintiasy 23S off3 oF relinic 


lenininanov siquses ineewled Resqosg nettiogaene sel tn'- 


yileainsds ase act sea? alxopih Io amwoOmEsmwonk © 
don yan xo ‘uso colt signee Jneltaq « dvtw betsex: 
prlbeld e sob noLslsegeies «6 yakeQA «fmopsd nbesnos 
.qbodidar Ae ao syle 

afashosete esiitsy eenphadves 408 a6) 
«nixopsb 20 drwome mwordt 6 patatetaod @hoisnos Bas 


24 


Zo 


ANGUS, STONEHOUSE & CO. LTD. Cronk (Argument) 261 


TORONTO, ONTARIO 


Both utilize a specific antibody produced and 

made available by commercial manufacturers, and both 
are designed to run assays only on serum or plasma 
samples. 

The primary distinction arises 
from the feature that with the FPIA technique 
Yadioactivity "1s Not usedsto spike, LE* you will or 
treat the control samples, but rather fluorescein is 
used. 

The second distinguishing feature 
is that there is no separation process utilized under 
the FPIA technique although there is under the RIA. 
The operative process of the FPIA technique, Mr. 
Commissioner, has been outlined for you by Dr. Soldin 
of the Hospital for Sick Children who is currently 
in charge of the therapeutic drug monitoring program 
at the Hospital and who has had personal experience 
in using this new technique for the purposes of 
digoxin assays. 

He has explained the technique 
essentially involves a shining of a polarized light 
through the mixture being tested. The mixture 
includes both the patient sample and the sample 
containing a known amount of digoxin treated with 


fluorescein. 
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The degree to which the fluorescein 
labelled digoxin becomes bound to the antibody is 
reflected in the type of light that is emitted at 
the other end. If a strong light is emitted it 
indicates binding by the fluorescein labelled sample, 
whereas if a weak light or weak signal is emitted, 
it indicates that the patient sample has become bound. 

The FPIA process was not in use at the 
Hospital for Sick Children during the enquiry period 
for digoxin assays, Mr. Commissioner, It was. not 
introduced for digoxin assays until March, 1983, and 
since that time the Hospital has been utilizing both 
the RIA and the FPIA techniques for their digoxin 
assays. 

As a result none of the measured 
digoxin concentrations with which you are concerned 
were measured utilizing the FPIA technique. 

Dr.. Soldin testified concerning 
certain comparative studies that had been run at 
the Hospital for, Sick Children as.an aid to. determine 
whether or not the FPIA system should be adopted 
at_the Hospital. It was, his opinion that the results 
of these various studies suggested that the FPIA 
method may be more specific than the RIA in the 


sense that the antibody may diminish the potential for 
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cross-reactivity more than the antibody used in the 
RIA system. 

In my submission, Mr. Commissioner, 
whether or not this is so, as relevant as it may 
be for the purposes of the Hospital, it is irrelevant 
fOr your purposes for-=tworreasons: first," Dr.  soldin 
has testified that had the FPIA technique been 
available at the Hospital during the enquiry, and 
had it been used instead of the RIA to measure 
the ante mortem and post mortem blood specimens that 
were tested, he would not have expected any material 
difference in the readings obtained, but rather 
would have anticipated that the results would have 
been fairly similar. 

Of equal importance, sir, is the 
fact’ —=thismis the second bees for my submission 
to you - the fact that the FPIA technique, like the 
RIA, is an antibody based system or analytical 
technique. The antibodies obtained by commercial 
manufacturers therefore too suffers from the potential 
of cross-reactivity by drugs chemically similar to 
digoxin or by digoxin=-like substances whether those 
be metabolites or otherwise. 

Dr. Soldin's evidence in that 
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~ In my submission for those two 
=) reasons it cannot be argued as between the RIA and 
4 the FPIA technique that the digoxin readings obtained 
5 on these children are suspect or unreliable in any 
P way. 
THE COMMISSIONER: The main reason 
; for the change was the speed, was it? 
. MS. CRONK: The speed and the 
9 convenience, that's correct. That is Dr. Soldin's 
10 evidence. And in fairness to Dr. Soldin it is his 
11 opinion that it may ultimately prove that the FPIA 
12 is more specific. 
13 THE COMMISSIONER: But the main 
reason - this is my recollection - was the speed. 
i< MS. CRONK: Was the speed. That 
» was his evidence. 
16 The third technique, sir, about 
17 which in my submission we have to pay more particular 
* 48 regard is the HPLC method. That technique has been 
19 described by Mr. Cimbura as a test which permits the 
20 prior refining of a sample so as to extract from it 
a digoxin-like substances. 
It is intended, he testified, that 
ag the sample so refined freed in his opinion of 
A digoxin-like substances would then be re-analyzed using 
24 
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another testing technique as, for example, the RIA. 

Mr. Cimbura detailed in his testimony 
the actual methodology involved in using an HPLC 
technique. He described it essentially as an 
extraction er separation process. He indicated that 
the equipment consists of a column containing special 
absorbant material. A standard sample containing 
a known amount of digoxin is run through the equipment 
(that is driven through the column) and its component 
chemicals are separated by virtue of this absorbant 
material in the column. 

Each component exits the column, 
actually leaves the equipment, at a different point 


in time. The time at which each component exits the 


-COlumy 2S Characteristic of a specific compound. In 


other words, using a standard sample which contains 
a known amount of digoxin, the time at which digoxin 
will exit the column can be precisely defined. 

The sample of interest, the one 
about which it is uncertain whether or not it contains 
digoxin is then driven through the column in the 
same way, and if it exits the column at the same time 
as digoxin is known to exit, it is retained for 
further testing, and in Mr. Cimbura's laboratory was 


then subjected again to the RIA for further assay. 
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An important feature of this 
particular technique, Mr. Commissioner, again in my 
submission of more than mere scientific interest with 
all due respect to the scientists who testified before 
you, is that HPLC in and of itself is not capable 
of measuring the concentration of digoxin present. 
Its purpose is to try to extract or isolate the 
digoxin in the sample, the concentration of which is 
then to be measured by another technique. 

The measurement of the concentration 
if done by what . called a detection type technique. 
The RIA is simply one of those that is available for 
detection purposes. The fourth and final pure method 


or analytical technique about which you have heard 


evidence, sir, is gas chromotography and mass spectrometry. 


You have heard evidence as you will recall, sir, that 
Mr. Cimbura indicated that because of the high molecula 
weight of digoxin, some techniques are not readily 
applicable or available for the testing of digoxin 
concentrations. 

That was his view and expressed 
Opinion with respect to gas chromotography and 
mass spectrometry because they were, according to 
his evidence, designed primarily for testing substances 


having a lower molecular weight. 
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The process of mass spectrometry 
itself involves subjecting the sample of interest to 
what has been described as a bombardment, if you will, 
by a stream of electrons with the intent of dividing 
the molecule or fragmenting it into particles. The 
fragments or particles are then analyzed again by 
hardware, by equipment, to identify what the molecule 
infact was. 7eAnd the tway “this is done, sir; oisethat 
each chemical fragment that has been separated by 
the use and application of the electrons carries with 
Lt in chemical terms aacharacteristictdistinctivesof 
the molecule from which it came. Also in ehauies 
terms! carries swith it the»pattern of chemical 
activity that is characteristic of the parent molecule. 

The equipment used in the process 
then produces a printout or a chart which depicts 
the peaks of activity sor the characteristicsvof 
the fragments tested. The characteristics of digoxin 
are known in the scientific community, and a reading 
of the charts produced by use of mass spectrometry 
are then analyzed to determine whether or not any 
of those fragments showed the activity characteristic 
of digoxin or demonstrated the characteristic 


distinctive of the digoxin molecule itself. 
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The importance of this technique, Mr. 
Commissioner, arises from the fact that Mr. Cimbura 
used it at the Centre of Forensic Sciencegsin three 
situations, for the testing of some of the samples 
from these 36 children. I will return to that in 
more detail, sir, but he used it on certain specimens 
from Stephanie Lombardo and certain specimens from 
Jessie Belanger and on a fixative solution which was 
used to preserve heart tissues from Colleen Warner. 
It was not used on more samples according to Mr. 
Cimbura for a number of reasons. He described the 
reasons as-being reflective of the inherent disadvantages 
of the technique. They were first, as I have indicated, 


that it is designed and applicable in the first 


instance to molecules having a lower molecular weight 


than digoxin. 

Secondly, although it is a very 
sophisticated technique it is extraordinarly time- 
consuming and concomitantly expensive and thirdly, 
in an analytical . sense it requires extensive 
purification of the sample before any testing can be 
done at all. 

To this might be added for reasons that 
were outlined by Mr. Cimbura he had, in any event, 


sir, concluded on the basis of research conducted in 
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his laboratory, that he had been able to fashion and 
design another method that was capable of, in fact, ||: 
isolating pure digoxin and, in fact, capable of 
measuring the actual concentration of digoxin. I will 
have more to say about that gombination in due course. 
You will recall, sir, that it was RIA followed by 

HPLC and RIA again. 

The reliability of the results achieved 
on these various samples, sir, is, in part, a measure 
for the reasons that I have outlined of the reliability 
of thetechnique itself, that was used. Apart from 
the potential for cross-reactivity by digoxin 
metabolites and known drugs that are chemically 


similiar to digoxin there is, of course, the potential 


as well, that there is an existence of an endogenous 


digoxin-like substance which, in some cases, can cross- 
react to the antibodies used in commercial RIA digoxin 
assay tests. If that is the case the literature 
suggests that a so-called false positive reading of 
digoxin may result, that is, a finding cf digoxin 
where the patients tested have not, in fact, received 
the drug. 

Numerous articles have been filed as 
exhibits before yai,sir, reflecting the current state 


of the art in the scientific community, as to whether 
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or not such an endogenous-like substance, in fact, 
exists. It has been referred to in these proceedings 
by Dr. Seccombe and after. Dr. Seccombe by every- 
One else, as substance xX. There is a debate amongst 
the experts, aS to what, in fact, the substance is. 

It has been variously described as first a natriuretic 
hormone, which promotes excretion of sodium by the 
kidneys. That was Dr. Seccombe's feeling and Dr. 
Hastreiter's feeling. Alternatively it might be 

a substance, in fact, manufactured endogenously in the 
liver, such that it might be prevalent in situations 
where there is liver disease and, thirdly, it- 

was suggested by Dr. Hastreiter that.it might._be.a 


progesterone derivative. Whatever the substance in 


- fact is, Mr. Commissioner, you have heard direct 


evidence from a number of witnesses that it, in fact, 


appears to exist. In principle, you have heard, 


quite apart from the articles reported in the literature, 


that have been filed as exhibits, you have heard 
direct evidence as to six studies that have been 
conducted in the area. You have heard from Dr. 
Seccombe as I have said, from Shaughnessy Hospital 
in Vancouver, concerning the results of research 
reported by him in a letter to the editor of the 


New England Journal of Medicine in April of 1983. 
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Second, you have heard from Dr. Soldin, 
concerning digoxin assays and the results therefrom 
run on childr@m® from Ward 7F at the Hospital for 
Sick Children in January 1982. You will recall that 
was the situation, sir, involving epinephrine and 
confusion with a vitamin. 

You have heard from Dr. Soldin, thirdly, 
concerning digoxin assays run on eight children from 
Ward 7G in 1982 and 1983 at the Hospital, those 
children known not to have received digoxin. 

Fourthly, you have heard from Dr. 
Soldin concerning certain ongoing water loading 
experiments which he is conducting in an effort to 
isolate substance X. 

Fifth, you have heard from Dr. Phillips 
Of ene Hospi can ©£Or Sick, Children. You will recall 
sir, that he is Chief Pathologist at the Hospital 
concerning post mortem digoxin assaySwhich have been 
conducted at the Hospital for Sick Children since the 
end of the inquiry period, that is, since March 24 
1981, and finally you have heard from Mr. Cimbura 
concerning a study which he undertook in an effort to 
duplicate the results that had been reported by Dr. 
Seccombe. 


The purpose, my purpose, sir, in 
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Outlining for you the evidence with respect to these 
various studies, is to assist, if possible, sir, 
you in assessing the evidence which you have heard 
from Mr. Cimbura that the techniqueused by him at the 
Centre of Forensic Sciencescan and, in fact, does 
in his opinion, and I should say in the opinion of 
others, reliably isolate digoxin and reliably measure 
the concentrations of digoxin present in a patient 
specimen without concern that substance X may be 
reacting in such a way as to account for the levels 
that were measured. 

il tcouldedeal? firs, csi fiweth 
Dr. ‘Seccombel's research... Dr. |Seccombe ‘testified that 


he and his colleagues tested serum and cord blood 


Specimens from 25 randomly selected premature infants 


in the Intensive Care Unit of his Hospital, none of 
whom had been given digoxin. Their ages ranged from 
One to 146 days of age. The samples were assayed 

in duplicate using two different RIA procedures. 

The first was precribed by him as the NML methodology 
which is a particular antibody kit and, secondly, using 
clinical assays more common in the commerical market. 
The results in 10 of these 25 cases were reported by 
Dr. Seccombe and his colleagusin a letter to the 


editor of the New England Journal of Medicine which 
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has been filed, sir, as Exhibit 8. He has testified 
that the results fomthese 10 cases, using first the 
NML antibody assay ranged from a low of .8 nanograms 
per millilitre to a high of 4.1 nanograms per milli- 
litre, the lattar the highest reading was in the 
case of a four day old premature female infant. 

The results on the samples that were tested, using 
the RIA procedure were, according to Dr. Seccombe, 
50 per cent lower in all cases. All of the results, 
save for the level of 4.1 nanograms, fell, as he 
admitted,within the commonly accepted therapeutic 
range for digoxin, but none of these children had, 
in@iactymreceivedrdigoxins eHis evidence;esinyein 


this regard is found atVolume 5, commencing at 


page 631 and continuing: 


Dr. Seccombe testified, sir, that his 
research group was quite confident that the substance 
that they were measuring was not, in fact, digoxin, 
but rather a substance reacting to the antibody in a 
fashion similiar to digoxin. Accordingly, they. 
undertook a series of subsequent studies to enlarge 
upon the matter. They tested a group of 30 samples 
using 7 different RIA methodologies, They found that 
every kit, that is all 7, showed some degree of 


cross-reactivity with substance X, meaning that they 
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got positive readings, although Samples had all 
come from infants known not to have received the 
drug. 

The mean values of substance X on those 
tests ranged from 1.3 to as low as .19. 

Dr. Seccombe made the following 
observations based on his research which, in my 
Submission, are relevant to you, sir. First, that 
the levels of substance X declined to less than .2 
nanograms per millilitre after two months of age in 
full term babies. In other words, the level of 
substance X that is measurable declines as the child 
ages. Second, levels greater than .2 nanograms were 
recorded only in premature infants. 

THE COMMISSIONER: I am sorry, greater 
than two? 

MS. CRONK: Greater than .2, sir. 

THE COMMISSIONER: Yes. 

MS. CRONK: Were recorded only in 
premature infants either in the neonate category. 

By that he meant less than two months of age or in 
some premature infants, slightly older than two months. 

Third, he indicated that none of 
the tests which had been conducted by his research 


group, had been done uSing an HPLC extraction method 
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nor had any other research in this area concerning 
substance X, to his knowledge, been done using HPLC. 
Fourth, none of the levels recorded 
in similiar research reported in the literature 
exceeded 4.1 nanograms. 
The significance of those observations , 
Mr. Commissioner, in my submission, is this: Dr. 
Seccombe modestly was invited to confirm that his 
research group was effectively on the threshold of 
a new scientific frontier in their research in this 
area. The level of 4.1 nanograms, which was measurable 
on their tests was, he has confirmed, the highest 
yet to be recorded by any research group concerning 


substance X. That level was found in a premature 


- infant less than two months of age. 


fie reCoulG burn rnow to Dr. soOLdin: $s 
research and, first, the research that was conducted 
on Ward 7F, the Hospital for Sick Children in January 
of 1982. When I say Dr. Soldin's research, in 
fairness, Mr. Commissioner, the evidence was led 
through Dr. Soldin: I’ do not mean to imply that he 
personally was involved in the testing of all these 
samples, although, of course, he may well have been. 

Out of a total ward population of 


15 children, 5 became ill with similar symptoms. 
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1 
2 Only one of these children was on digoxin therapy, 
3 one out of a total of 15. All of the 15 were under 
4 16 months of age, most of them under two months of 
: age. Samples were taken ante mortem serum or plasma, 

save for those from one child out of the 15 who was 
i known to have cardiac problems. Digoxin assays were 
7 run on all the samples using the RIA technique at the 
8 Hospital. The results were as_follows: first, in the 
9 10 cases of the children who had not shared in the 
10 Similarity . of clinical symptoms, no level was 
11 reported greater than .5 nanograms. Secondly, in 
. the other 5 cases where there was this simikrity 

of clinical symptoms, all levels reported were less 
> than one nanogram except for two cases, the one patient 
A who had been on digoxin therapy was the first exception. 
15 His levels were 2.1 and 1.4 nanograms and one other 
16 patient who had two levels of 1.3 nanograms each. 
17 In other words, sir, two levels of 1.3 nanograms 
18 were recorded in a child known not to have been on 
19 digoxin insofar as the Hospital was concerned. 

There is a dispute on the evidence 

before you, sir, however, as to the circumstances 
a surrounding that case where the level of 1.3 was 
22 found. 
23 Mr. Justice Dubin reported that this 
24 
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level resulted from an erroneous administration of 
digoxin. (that 1s "found, esit ; air -the™ report of the 
Dubin Review Committee, page 178. Dr. Soldin and 
Spielberg, however, testified -- 

THE COMMISSIONER: I am sorry, I 
wonder if you could just pause for a moment on that. 

MS. CRONK: Page 178, sir. 

THE COMMISSIONER: “Yes; all right: 

MS . “CRONK?” “You wiirl ‘see, “six? -that 
was the reported finding based on information no 
doubt that had been provided to the Committee, of 
the Review Committee, as to how that level, what the 
circumstances were concerning that level of 1.3. 


They suggested, in fact, digoxin by error, had been 


- administered to the child. Obviously, sir, if that 


be so, a meaSurement on the technique used at the 
Hospital is not surprising. 

Dr. Soldin and Spielberg however, 
testified that they were uncertain as to whether or 
not this, in fact, had occurred and that the level 
if it hadn't occurred, the level might, in fact, 
reflect the measurement of substance X. 

Assuming that the level of 1.3, making 
that assumption for the moment, sir, resulted ina 


case where there had been no medication error, the 
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level measured is within the range of results previousl 
Measured -- I am sorry, previously discussed by 
Dr. Seccombe's group. In other words, it doesn't 
exceed the highest level of 4.1 that his group 
measured. : 

The second data base,if you will, 
that Dr. Soldin outlined for you on this issue, 
involved tests, digoxin assays that had been conducted 
on eight patients from Ward 7G again at the Hospital 
for Sick Chirdren. in 1982 ante mortem plasma 
and serum samples were taken from three neonates 
on Ward 7G at the Hospital and were assayed for 


GLgGOxin. 
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None of the three had been on digoxin, and all three 
readings on the RIA were less than .5 nanograms per 
Hiidobatres 

: In the following year, 1983 ante mortem, 
again serum or pieera samples were tested from eight 
neonates; andeby-thatal+e shouldssay,+sir,«that Dr... 
Soldin explained he meantchildren under two months of 
age. Samples from eight neonates known not to be on 
digoxin were eae assayed. Five samples were tested 
on RIA and by this time the FPIA technique was avail- 
able in the Hospital and accordingly all eight samples 
were then as well tested by the FPIA method, and . 
only one reading was above 1 nanogram on either type 


of assay test and that reading was 1.4 recorded on RIA. 


Accordingly all of the levels reported from those 


‘in total 11 children were first within the therapeutic 


range but much more importantly,because the children 
had not been on digoxin,were within the range of 
levels reported by Dr. Seccembe's research group. 
THE COMMISSIONER: 11 did you say? 
MS. CRONK: There were three children 
tested in 1982. 
THE COMMISSIONER: Yes. 
MS. aCRONK +i eb Chen 1933 7a) Lasrom 


Ward 7G, all neonates. 
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1 

2 THE COMMISSIONER:. Yes. 

3 MS. CRONK: The third area of 
independent research about which Dr. Soldin has given 

: evidence, sir, is that involving what he described as 

2 water loading experiments. You will recall perhaps, 

6 Sir, that he testified that ante mortem serum samples 

7 and urine samples had been tested by him,together with 

8 his colleagues ton digoxin from sl2sor 13 adults in his 

9 laboratory in the Biochemistry Department at the 

10 Hospital. None of those adults had either current or 
past renal or cardiac problems and no history of having 

a ever taken digoxin. 

ud Dr. Soldin's evidence in this regard, 

13 Sir, is found in Volume 51 commencing at page 1488. 

14 The tests were conducted on these specimens utilizing, 

15 according .to Dr. Soldin, the RIA technique, ithe HPLC 

16 technique and the newer FPIA technique. The tests 

V7 disclosed that substance X could not be measured under 
conditions of a water load in the serum samples of 

‘c these individuals. It was however detected in the 

, urine specimens. By that, Sore I understood his 

20 evidence, what he meant was that a positive reading 

21 was obtained using those techniques on the urine 

Zz specimens, whereas a negative reading if you will was 

23 obtained on the blood or serum specimens. Dr. Soldin 

24 


25 


¢. srebowy ehh 
ae ‘ #9 rebive 


nevip. Set 
ca fOMlEveg 


: cnateanaie *paibeol +evaw 


ss v4 ee = ; 
ssiciae poe f elu : Tans ei veda ,2ie 
ic kw xortsoeod tes He be isin tina bed aelqmas sniiv Ss 
wk wotbe EL’ ao 8 mest mise sob eeuvsciies «iit 

eit oe sneer ‘yrtebréiionds ete at Wrotesodul 


Ic sneviws 1eiete bat ab bk ewan $e ano Le? ig20R 
best ron ta yroreb, com brs ume ldoitg a4ib163 10.603) 7264 
sn$aon)5 nais> iSV_ 

cbueved sigs aa’ aogehirs =" Hbloe “a 
i-i seeae vs’ pak tA te -aewiscy al brat? =! x44 
wintifen eremijacs sessile aa Seraubnos @rew esses : “1 y 
ITH add ,ovpantiped ATS ef ,MbIieg «th od pastotoogs 
2oeS) sfc op pinAchs AIT newan ed’ Bn sypinrves 
sabre borvekou Sd fou Hioeos K Sonndatea sore bauc! oe tb 


So €otonee motes odd ith Beol wepsy & Sp enodzibace 


sit of Se7oase> tsveword esw ag -@ieubiviba.l sescr 


-—'4 Poosataibow I ee ,3be ,98Hi9 YE er oni 

guides, svidteoq # caie asv Jnsan ! . 
‘enixn si? co eeupiatioes eondd 5 

2uw iiiw toy Fi prifees oe 


agbioa «70 se aceaes ati 7 20 pion 


nt 


ANGUS, STONEHOUSE & CO. LTD. 280 
TORONTO, ONTARIO Cronk (Argument) 


2 


1 
y confirmed in his evidence that as at the date he 
3 testified he had not been able to quantify the levels 
4 of substance X that in fact had been measured on the 
: urine specimens, he had simply been able to confirm 

its existence. 
2 In other words, sir, in a quantitative 
7 sense he could not offer us any information as to the 
8 range of values that in fact had been measured. He 
9 indicated further that he had not at that stage under- 
10 taken tests to attempt to isolate substance X in 
1 tissues, although he hoped that the opportunity would 
“e be provided to him to do so. 

Subsequent to the evidence of Dr. 

. Soldin in this regard, enquiries were made by 
“a Commission Counsel from time to time as to the status 
15 of Dr. Soldin's ongoing research and I would refer 
16 you, Sie -to Exhibit 416 which counsel “for the ‘Hospital 
17 Mr. Roland,was kind enough to provide and which has 
18 been filed as an exhibit before you. It is dated, 
i sina May t5 elo S4 S<and *in that “letter "Mr. Roland’ on 

behalf of the Hospital has advised that Dr. Soldin's 
a research is continuing but that, and then I am quoting, 
et sir: 
22 "Until the research has been completed 
23 and the results have been properly and 
24 
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"independently assessed it would 

NOC?. ae 
In their opinion be helpful or appropriate to 
entertain any additional evidence from Dr. Soldin. 

In my submission, sir, as the matter 
now stands, the following is the result. First, we 
do not know what the actual measurements were on the 
urine specimens tested by Dr. cotaunus group. We do 
know they were from adults not infants, and we do know 
that no tests have been done on tissues. 

The second feature is we therefore 
cannot determine whether or not the actual quantitativ 
measureMmentseare signaticant in terms of Dr. Seccombe® 
research or not. 

Third, as the matter now stands, Mr. 
Commissioner, Dr. Soldin is not in a position to assis 
this Commission or to add anything further to his 
prior evidence regarding these experiments. 

TE LeCan@turn.thensesir7*to the last 
area of research data that according to the evidence 
before you is available at the Hospital for Sick 
Children. It concerns the research being conducted 
under the supervision of Dr. Phillips of the Pathology 
Department. You will recall, sir, that the evidence 


before you has been that since March 24th, 1981 post 
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mortem digoxin assays wherever possible had been taken 
on all patients who died at the Hospital for Sick 
Children. Dr. Phillips has testified that since 

March 24th, 1981 in 608 autopsy cases digoxin levels 
were obtained at the Hospital for Sick Children on 


post mortem blood samples... I refer you. for that, sir, 


tosExhibite2z30nin this segard.and.to Dr. Phillips: 
evidence, Sir, which commences at Volume 58 on this 
issue. 

THE COMMISSIONER: 38 did you say? 

MS cites CRONE $4 tle ale SOLTY ,3 230. 

THE COMMISSIONER: I have 230, what 
is the transcript number. 

MS. CRONK: The volume is 58, sir, 
I don't think you need to refer to the exact portions 
at this stage, sir. Exhibit 230 is a summary of the 
various autopsies that have been conducted at the 
Hospital and you will see, sir, that in 608 cases 
digoxin specimens have actually been taken and tested. 
In 97 of the 608 cases digoxin levels ranging between 
l nanogram and 4.9 nanograms were measured on post 
mortem blood specimens. In 85 of the 97 cases the 
patients prior to their deaths had been on digoxin. 
So in the 97 where there was a Significant reading, 


that is between 1 and 4.9, 85 of those patients had 
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been on digoxin and the post mortem levels were 
considered normal. That leaves us then, sir, with 
12 cases where the patients were known not to have 
been on digoxin and not to have received it at any 
point during their life. 

Dr. Phillips has testified that most of 
these 12 patients were neonates save for two or three. 
You will see, sir, that the highest reading recorded 
on these 12 patients was 2.1 nanograms per millilitre. 
Most of the patients were not cardiac patients, their 
clinical symptoms, Dr. Phillips was not in a position 
to give evidence as to what their clinical symptoms 
had been prior to death, and in every case he testifie 
there waS a satisfactory pathological cause of death, 
all were ascribed or attributed to natural causes. 

So that out of the entire group of 608 tests conducted 
Since March 24th, 1981 there were 12 where the patient 
had not been on digoxin and the highest reading of 
those 12 was 2.1 nanograms per millilitre. 

THE COMMISSIONER: What about the 34 -- 

MS. CRONK: Those sir I will be dealing 
with in a separate context. 

THE COMMISSIONER: Yes, all right. 

MS. CRONK: I think in my submission 


the important point at the moment is out of the entire 
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group there were only 12 here the children were not 
on digoxin and the highest reading was 2.1 nanograms. 

The final piece of research, if you 
will, sir, or data that has been made available to 
you through evidence is that attested to by Mr. 


Cimbura. You will recall, sir, I said a few moments 


ago that Mr. Cimbura has testified that he tried to 
Simulate in his laboratory at the Centre of Forensic 
Sciences the research results reported by Dr. Seccombe 
and his group. He testified in this regard that the 
purpose in doing so from his point of view was to 
determine whether or not his HPLC method in fact 
separated out substance X. He obtained post mortem 
blood specimens from 24 children and in 20 cases he 
also had fresh heart tissue available; in four he 

had fixed heart tissue available; and in two cases 

he had Klotz solution that had been Mean fier ce 

and preserving the heart tissue; none of the 24 children 
had been known to be on digoxin; 12 of the 24 children 
were two months old or less, five were premature. 

The results of the assays Mr. Cimbura has testified 
did not disclose any digoxin like substance of any 
kind above the minimum level of detection used on his 
assay technique which is 1] nanogram. In none of the 


24 cases was a level greater than 1 achieved. In shor 
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in his opinion they did not confirm Dr. Seccombe's 
research. 

Mr. Cimbura concluded from this study 
that one of four things had happened. First, the 
children did not have substance X. Alternatively, if 
it was present it was in concentrations of less than 
1 nanogram per millilitre. Alternatively, if it was 
present it did not cross react with the antibodies 
that he was then uSing and which he indeed used on 
all of the tests conducted at the Centre. 

Finally, and again as an alternative, 
if it was present fie was in fact extracted or removed 
by his HPLC extraction process. That evidence, sir, 
is found at Volume 52, page 1590, the results of his 
test in this regard are set out in Exhibit. 213, sub 
8. eee Ou Wahl recalles Git... perhaps. that, Exhibit.213 
is a bundle of documents that sets out page by page 
the various results on each of the studies conducted 
at the Centre of Forensic Sciences in an effort to 
refine and confirm on a reasonable scientific basis 
the reliability of the testing techniques they were 
MUSING, Ht 2Si page, Si thaterefers, to this particular 
study. 

On the basis then, sir, of those six 


different research studies, or if you will six 
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different sets of testing about which you have heard 
evidence, I make the following submissions to you 
concerning substance X and the reliability of the 
HPLC method to isolate digoxin from substance X. 

First, no concentrations of substance 
X or a digoxin like substance had been reported in 
any of the literature filed as exhibits before you, 
or on any of the tests about which you have heard 
whether conducted at the Hospital for Sick Children 
or elsewhere on any patient known not to have received 
digoxin in the range of values that have been measured 
for these 36 children. The highest value has been 
that reported by Dr. Seccombe, that is 4.1 nanograms 
and that was in a premature four day old infant 
child. I mentioned earlier, sir, that there had been 
a great number of articles filed before you with 
respect to thisissw and it may be of assistance for 
you to know what they are. 

THE COMMISSIONER: Yes. 

MS .PCRONK :CeExhibi ti sathroughel12- 
incilusivestaxhibitse27; SO0w@ahda 2807n 2819 A2iscCandt2is;, 
page 8 as I indicated a moment ago. In short, sir, 
neither in the reported articles in the literature 
which we in my submission must take as a reasonable 


reflection of the.state of the art of the scientific 
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community to date, nor in the direct evidence of any 
of the witnesses who have appeared before you, has a 
level in excess of 4.1 nanograms being recorded in 

a patient known not to have been on digoxin. We 
simply have not heard about any levels in the range 
or proportion of concentrations measured here. 

In my submission, secondly, sir, there 
is accordingly no data at all as to suggest that 
substance X can account for post mortem blood levels 
in the ranges with which we are dealing, or indeed in 
the case, for example, of Justin Cook and Kevin 
Pacsai, where we have significantly high ante mortem 
levels in the range of ante mortem blood levels with 
which we are dealing. 

Tasca el Nore ,.~9Sir, ochat none -of* the 
studies again either reported in the literature, 
including Dr. Seccombe's or about which you have 
heard, in any type of sample, any kind, ante mortem, 
post mortem or tissue have utilized the testing 
technique adopted by Mr. Cimbura, that is the RIA Beckman 
double antibody assay coupled with the HPLC extractio 
technique followed again by the RIA, none of the 
studies have been conducted using that methodology 
where actual ranges of concentrations have been 


placed before you. 
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In my submission in the absence of 
evidence of that kind Sve “Cannot be "Sard wi th any 
degree of reasonable certainty that the substance 
where present is not in fact extracted by HPLC, or 


ard not™=in fact “farl -to “cross react with overall! 


procedures used by Mr. Cimbura. 

Fourth, sir, there have been no 
systematic studies of infants done in the age range 
of these 36 children having their clinical character- 
istics, that is congestive heart failure or anatomically 
deformed hearts, this has been the evidence of both 
Dr. Seccombe and Soldin. 


Fifth, sir, there has been no data 


to suggest, as Dr. Seccombe put it, that substance 
x react —— 

THE COMMISSIONER: I wonder if you 
can just go back to number four, you said no studies 
Opvinrants, *whatdld*you Fsay +-— 


MS. CRONK: In the age range of these 


36 children with the varying age of these children 
having their'’clinical characteristics, “that -is 
congestive heart failure or anatomically deformed 


hearts. 
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THE COMMISSIONER: They couldn't 
very well do that, could they, unless they had done 
it on our data. Those are specific - 

MS.nCRONK se Inetheory, Sir, you 
will recall in the data that has been made available 
througheDr ena llips wand. intend absolutely no 
criticism - I simply observe that a group of patients 
who were known to have had congestive heart failure 
and were known to be within the age frame of our 
children could have been isolated from a patient 
death population and such a study undertaken. A 
needn't have been done at the Hospital for Sick 
Children: it would have been done anywhere. I simply 


make the observation for you, sir, that such a study 


to the knowledge of Drs. Seccombe and Soldin has not 


been done. 

Pili «Sir emtnere 15  nojodata, to 
suggest, as Dr. Seccombe put it, that Substance X 
reacts biologically in a fashion similar to digoxin, 
Accordingly in my submission it cannot reasonably 
be asserted on the basis of current scientific 
knowledge that Substance X can account for clinical 
Manitestations.of digoxins toxicity. 

THE COMMISSIONER: I don't know 


what to draw from that because the only merit of 
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1 
: Substance X if it has any merit is that it will 
3 reflect upon our readings. 
4 Moy "CRON ewalnat LrSe"correct, sir. 
5 The purpose of the submission in that regard is 
6 simply to indicate that the characteristics of this 
particular*patient “qroup,"ourvs6-children; include 
; in some instances symptoms prior to death during 
% the agonal events which experts have said are 
9 suggestive of digoxin toxicity. And I am saying 
10 in assessing the role of Substance X and in interpretin 
11 these levels it is relevant for you in my submission 
12 to note that there is simply no data before you as 
13 to whether or not Substance X can account for those 
‘i KindsVotuctinical = manifestations at ‘all ; 
I don't advance this submission 
" in connection with the reliability of the testing 
: technigue, but rather as a feature of Substance X 
17 that should be borne in mind in assessing these 
18 levels. 
19 AndMtinavly,“sir; ‘there 1s’ no’ data 
20 _to support that Substance X reacts pharmacologically 
oi inva manner similar towdigoxin. - By that, ‘sir, 1 
mean that there is no hard data before you to suggest 
= that Substance X is subject, for example, toa 
ae post mortem multiplier effect or that it would distribute 
24 
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in tissues in a manner similar to digoxin. 

More particularly, with respect to 
the testing technique used by Mr. Cimbura there is 
no hard data to suggest that Substance X exits the 
column of the HPLC at the same time as digoxin or 
that it reacts to the antibody used in his RIA 
technique in the same way as digoxin. 

Therefore in my. submission, sir, 
whether or not we accept that Substance X is excluded 
by virtue of HPLA from the kind of digoxin assays 
conducted by Mr. Cimbura, there is in my submission 
no supportable basis on which it can be said to 


account for the very high levels found in these 


children, and more particularly for the levels found 


-in the tissue specimens of the various children 


with which we are concerned. 

I should note on that issue as well, 
sir, that Mr. Cimbura because of this issue was 
asked specifically whether he could have any assurance 
that what he was taking off the HPLC column as 
digoxin may not in fact contain some of that unidentified 
substance which Dr. Seccombe had called Substance xX. 
I think his response in this regard is sufficiently 
important and I propose to quote from it directly. 


It is recorded in Volume 2 of Mr. Cimbura's evidence, 
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at pages 145 to 146. It was as follows: 

"Well, I believe I have what I 
call reasonable assurance to a 
reasonable scientific degree based 
on my knowledge of these techniques 
and the fact that we were able to 
separate the substances that we 
have tried and are known to 
eross-react from digoxin. I have - 
I am reasonably satisfied that what 
I am measuring on the HPLC is 
digoxin. 
This belief is strengthened 
by some more analyses which I had 
an occasion to perform in the babies 
under this investigation, some 
babies under this investigation, 
where I have used additional 
modifications of the HPLC in one 
instance, and in another instance 
I used the application of the 
techique mass spectrometry, gas 
chromotography in one instance, and 
they all confirmed my results, and 


the identification of drugs in 
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1 
2 forensic toxicology is a matter 
3 of probability, and you may increase 
4 the probability by various 
5 manipulations. 
So I suppose to summarize my answer 
° would be I am reasonably satisfied 
i that what I measuring after all our 
8 experimental work is digoxin. " 
9| Mr. Lamek then asked him: 
10 = [seit tnoviiainwnthoughpeMeacCimbura, 
11 to say that your experimental 
12 work has been directed to the 
i separation of known digoxin-like 
substances? Isn't that what 
as HPLC sSisealle@about? 
15 Ape atTharersenigqht. eafhe potential 
16 of the HPLC column, however, is 
Fy not limited to the substances which 
18 are known and which were tested. 
19 It has a wide potential for 
an separation. " 
Mr. Cimbura then continued and listed six reasons 
a that formed the basis for his opinion that he had 
Z in fact extracted successfully digoxin as distinct 
23 from Substance X on the HPLC column. 
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I think I can quickly move through 
these, sir, before we break for lunch with your 
indulgence? 

THE COMMISSIONER: Yes. 

MS. CRONK: The first reason was 
this - we have already heard about this one, sir - 
it, isethe studys that: his groupsconducted at, the 
Centre for Forensic Science in an effort to duplicate 
Dr. Seccombe's results and his group was unable 
to duplicate those results although they tested 
specimens from 24 infants known not to have been on 
digoxin. 

Secondly as part of the HPLA test 


run at the Centre for Forensic Science, Mr. Cimbura 


-had a study conducted to determine the time at which 


digoxin and some 14 other recognized compounds in 
fact exited off the HPLA column. The results of this 
study, saryparesnset.out in Exhibite215.thatshas 

been filed before you. 

The results established that digoxin 
exited the HPLA column approximately nine minutes after 
entry of the sample into the column. He testified 
that the results of the test conducted at the Centre 
suggest that unknown digoxin-like substances such 


as Substance X do not exit the HPLC column in the 
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1 

2 same time frame as digoxin. 

3 Perhaps more importantly, sir, 

4 his third reason was that quite apart Apes his own 

5 studies and his interpretation of the results of 
those studies he was not familiar with any studies 

7 where Substance X had been proven to exit the HPLC 

j column at the same time as digoxin, nor was 

8 Dr. Seccombe aware of any such study. 

9 Dr. Soldin testified at volume 9, 

10 page 1467 that he thought it unlikely that Substance X 

11 would exit at that same time as digoxin. 

12 His fourth reason is a reason to 

. which I have already referred, sir, and that is that 
the levels of Substance X found and reported in the 

‘ .Lliterature and by Dr. Seccombe's group were in his 

15 opinion relatively small, and accordingly he doubted 

16 that Substance X could account for the concentrations 

17 found in the specimens he tested using HPLC. 

18 , Fifth, he was not aware of any 

19 study which indicated that Substance X had been 

0 detected or measured following use of an extraction 
process such as the HPLC. As you know, sir, all of 

“ the studies that were done including Dr. Seccombe's 

oe with the exception of Dr. Soldin's water-loading 

23 experiment did not make use of HPLC. It is therefore 
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a very open issue in the scientific community as 
to whether or not HPLC - there is no data to suggest 
thateiiteaisn. jan factiextracted. 

Then cana vly, sit, ne Felied yo3n 
the case of Jesse Belanger as an illustration for 
the basis of his opinion in this regard. He indicated 
that his group analyzed the available specimens on 
Jesse Belanger on three different HPLC columns and 
on gas chromotography and mass spectrometry and 
used two different antibodies. 

In each case a positive reading for 
digoxin was obtained, leaving Mr. Cimbura to conclude 
it was most unlikely that Substance X had been 
present unless Substance X was in fact digoxin. 

As you will recall, Sixv, Mire) .Cimpura 
was cross-examined in a manner that can only be 
described as vigorously by various Counsel as to 
the basis for this opinion, and the opinion of 
various other experts was sought as to whether or 
not it was a reasonable scientific proposition that 
Substance X in fact did not affect the readings that 
were obtained in these 36 cases. 

I propose briefly to review what 
the evidence of others has been on that and perhaps 


I would do that after the break. 
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THE COMMISSIONER: Yes. We 


Wil sraSseo now. until. ez. 


---Luncheon Adjournment 
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---On resuming 

THE COMMISSIONER: Yes, Ms. Cronk. 

HS ICRONK Sp ihank you, Sir. 

Before the break, sir, I was outlining 
for you my submissions with respect to the reliability 
of the testing procedure that had been used by Mr. 
Cimbura and conducting his various digoxin assays and 
I was about to refer you, sir, to certain of the 
evidence by other pharmacologists, with respect to 
that test methodology. Dr. Spielberg testified that 
on the basis of the currently available scientific 
information, if a substance was identified sie digoxin 
after the testing of, in the case of tissues, a 


sample using both HPLC and RIA as, of course, was 


* done by Mr. Cimbura in some cases,theprobability 


is that the child was administered digoxin during 
life. 

THE COMMISSIONER: Whose evidence are 
we -- 

MS. CRONK? Dr. Spielberg. 

THE COMMISSIONER: Yes. 

MS. *CRONK*-" Leers foundpesi£f£, at 
Volume 54, pages 2127 TOmz2 129" 

He testified further that if digoxin 


was found in a specimen by analysis using mass 
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spectroscopy the liklihood is that the patient received 
digoxin and that digoxin was, in fact, present as 
measured. 

Dr. .Kauftman, Sir, testified that on 
the basis of his discussions with Mr. Cimbura, and 
on the basis of his personal review of the centre's 
laboratory data, his understanding was that the HPLC 
technique that had been used had extracted thebreakdown 
products of digoxin and endogenous substances. He 
indicated that it was possible to separate digoxin 
itself, on the HPLC fromothefsubstances, both known 
and unknown substances, that did not co-migrate with 
it on the HPLC column and.vou et recall the evidence 
is, sir, that there is no hard data to suggest that 
.there is a similar co-migration by its substance X 
with digoxin on the column. 

The soundness of Mr. Cimbura's opinion, 
as to what, in fact, he was measuring was, and I think 
I err this fairly,challenged by only one witness 

beforethis Commission and that was Dr. Soldin. Dr. Soldi 
testified that in his opinion, ta ensure that digoxin 
was being separated from substance X by use of the 
HPLC method, a detection system, other than RIA, should 
be used. He recommended mass spectrometry and opined 


that if HPLC was used in combination with it you could 
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1 
2 then, with certainty, say that the compound thought 
3 to be digoxin was or was not pure digoxin. You will 
4 recall, sir, of course, this is precisely what was 
5 done in the case of at least two children by Mr. 
6 Cimbura, Jessie Belanger's tissue specimens and 
7 Stephanie Lombardo's #issue specimens. 
Dreesoldin, in thew course’ ofsgiving 

; that evidence, requested as well, that any remaining 
7 tissue specimens from these children be made available 
10 to his laboratory or others for further testing, 
11 using the techniques that he preferred, the HPLC 
12 and mass spectrometry. 
13 Subsequent to the evidence of Dr. Soldin 
fo in that regard, you will recall, sir, that the 

- Hospital for Sick Children convened a meeting of 
7 experts on Monday, March 19th, 1984, to meet the 
1p stated purposes of a meeting included, and I am 
17 referrring now, sir, directly to Exhibit 399 which is 
18 the minutes from that meeting that have been filed 
19 before you. The purposes were, first, to determine 
20 a set of criteria for the identification of digoxin, 
1 using either gas chromotography or mass spectrometry 

RIA in combination with HPLC or other appropriate 

7 analytical techniques. 
28) 
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1 
: The third stated purpose of the meeting 
3 was to offer an opinionasitothe validity of -any 
4 further analyses, including gas chromotography and 
5 mass spectrometry and/or RIA with HPLC as a means of 
6 offering a definitive confirmation or denial of the 
| presence of digoxin in the tissues of four children, 
, Jessie Belanger, Justin Cook, Jordan Hines and 
Stephanie Lombardo. ThoSe are the four, of course, 
9 sir, who were never known to have received dixogin in a 
10 prescribed sense during life. 
11 The minutes of the meeting and the 
12 report prepared by the Chairman of the Meeting, 
13 Dr. Gilbere HilleofetherHospital foraSick Children; 
P have been filed before you, sir. The report is 
- Exhibit 400 and I refer briefly to certain portions 
1 of the report on page 2 and paragraph 5.2 contains 
ve the following statement: 
1 "In the context of the cases under 
18 discussion,(that is Cook, Lombardo, 
19 Bélanger and Hines,) the panel placed 
20 a much higher degree of reliance on the 
i high pressure liquid chromotography 
combined with radioimmunoassay data 
"4 than on the GCMS data. This preference 
ce was based on the known problems and 
24 
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interpretation:of the GCMS data and on 

a high degree of confidence in the HPLC/ 
RIA technology. This confidence was 
strengthened on learning of the way 


in which the HPLC/RIA had been applied". 


Them it goes on to record the example of Justin 


Cook and Jessie Belanger in the matter in which samples 


from those children were tested. 


6.1 it reads: 


On the same page, sir, at paragraph 


"In the context of the cases under 
discussion it was agreed that a positive 
test for digoxin obtained by an acceptable 
analytical procedure would be considered 
as presumptive evidence for the presence 
of digoxin in the material being 

examined. An acceptable analytical 
procedure was’:defined as one in which 

a Specimen was subjected to HPLC followe 


bye RTA." 


Then at paragraph 6.3, sir: 


"It was recognized that the develdpment 
of a+ definitive GCMS method for 
digoxin in tissues was a highly desirablle 


goal and would be an extremely valuable 
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contribution to forensic science. 
However, it was felt that the current 
state of the art was such that no 
assurance could be made that the further 
use of GMCS would provide in the near 
future an unequivocal answer to the 
question of whether or not digoxin 
is present in the tissues available for 
examination." 

The conclusions in my submission, sir, reached by 

the participants in. the conferencewere essentially 

twofold , as they concern this Commission.» 
First, the group felt that there was 


no useful purpose in conducting any further tests 


.-on the materiaB available, that is the remaining 


specimens in order to detect digoxin. Secondly, 
sir, the group was, in my submission, beyond question, 
satisfied that the procedures followed by Mr. Cimbura 
in the Centre of Forensic Sciences, were satisfactory 
in detecting digoxinwithrespect to the test that he 
adzd do by Way Of RIA, HPLC and RIA. 

In light, sir, of Mr. Cimbura's evidence 
regarding the methodology employed to conduct the 
various tests, and in light of the conclusions reached 


by this panel of experts as recorded in Dr. Hill's 
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report and in the minutes there is, in my submission, 
sir, no reasonable basis on the evidence before you 
to suggest or infer that the test results obtained 
at the Centre ‘@f Forensic Sciences using RIA plus 
HPLC and RIA are unreliable by: virtue of thetype of 
technique utilized, or by virtue of the potential 

for non-exclusion of substance X. 

If I may, sir, I then purpose to now 
turn to the interpretation of the digoxin concentration 
found in ante mortem and post mortem specimens. It 
is apparent from the universal evidence before you 
from various experts that there are a number of 
aie ies associated in an interpretation of these 


results. The difficulties arise in three general 


categories: first, with respect to sampling technique; 


second, some are specific to the type of sample 
involved, as for example in the case of tissues, 
whether the specimen be fresh, fixed or exhumed; 
and third, some relate to purely pharmacological 
issues, such as the distribution pattern of digoxin 
following administration, or, for example, relationship 
between high serum potassium levels and high digoxin 
levels. 

I propose, sir, to deal with the 


problems outlined by the various experts. Mr. Lamek, 
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in due course, will be making submissions to you as 
to the significance to be attached to the actual 
levels. Where an issue has arisen on the evidence 


concerning the integrity of the sample, itself, the 


' sampling technique or the storage conditions of the 


sample, I will be dealing with those issues in my 
submissions. The index that I provided earlier, sir, 
highlights the eight main issues that highlight the 
difficulties and interpretation of these levels. 

The first has to do with the time at which the sample 
is taken. lt .is «learn, in my submission, ,from, the 
evidence of all the pharmacologists that when 
digoxin levels are measured in ante mortem serum, 


essentially what is being measured is digoxin that 


is then having neither a therapeutic or a toxic 


effect. That is so, sir, because the evidence has 
been that digoxin has no biological activity or 
pharmacological effect at all until it reaches tissues 
in the body. 

There is no dispute on the evidence 
that blood specimens must, therefore, be obtained 
long enough after the last dose of digoxin has been 
given to ensure that what is, in fact, being measured 
is the concentration of digoxin at steady state or 


not early in the distributive phase or the Alpha Phase. 


- , 
cep pi degans 
aia are nee. b vos ttle — eam Cenpivetndvs 
ery sdb ams "7 dans eeicund hier leaka si arnys Leto det 
etdvar ome.ts 5 Fe | not sdexqresat Bes wets go lise 
siqnee sig Hots Js mis ori id kee e663 ead testi 5 
ees mci aokerimdss yr Ne ,aeeio a2 St A ya Be 


rade Sat? efeivolosuaniadg oy Lie 2 


yy 
f 


Uitte fies-rom 206 a4 Heatepen atin ei¢éve! \“obad 
nels mkenpas el bo:gns-m xT reac @s 45cm % Lp Bs¢ 
| ohxnos & Bop lsaggezers 6 “~Sitian pridver ast: et 
| esti sorte ehivs wtf savaened .tiz 106 2 ganr ,foolis 
| 4 yOrvigsaa Iooteglold ae get azeogih yes need 


"Beleets @arivsos ci Li¢dau' lie. je 20eISs Isnipolcsens sy 


~Vbot ety at 


bor taado edt’, a9q3eseks gain snaninege bookd setts 


| 

: 

. 
eheblvs etl) oO stoged® on €1 streak 
ced ant atxoyld 20 seed poatoeie Baie | sgaoas enOL 


fewent omortt or te isan et tint ,sigiee 


| beweaem pried .goe? ab et smitw deed» - mis nd MeL 


AA-9 


ANGUS, STONEHOUSE & CO. LTD. 


TORONTO, ONTARIO Cronk (Argument) 306 


You recognize, sir, if, in fact, the 
sample is taken too early, very high concentrations 
will inevitably be measured, leading to a potential 
for a very great misinterpretation of the results. 

inewliohcecterheserdiEficulties, Dr. 
Spielberg has testified that at:the Bospital for Sick 
Children, it is recommended that a blood specimen 
be taken for digoxin assay at least six hours after 
the last known dose of digoxin was administered and 
that it is, in fact, preferable to wait twelve- 
hours after the last dose, that is until just before 


the next dose is to be given. 
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Drs. Kauffman and Mirkin agreed that that was the 
general clinical guideline, the preferred standard 

for timing. It was of course obviously even more 
important if the dose had been given orally. Because 
youswillerecall, «sir;ethateifetakenswithinethe 

first two to three hours after the oral dose is 
administered the peak concentrations of digoxin 

in blood will in fact be measured rather than the 
fully distributed concentration at steady state. There 
is, however, in my submission, sir, no evidence 

SHES SOG to suggest that any of the blood levels 
obtained on any of these 36 children, save one, were 
obtained too close in point of time to the time of 

the last known administration of dixogin. For 

obvious reasons, sir, I place emphasis on the last 
known administration of digoxin. In the circumstances 
where an unauthorized dose is postulated, as it 

will be with respect to some of these children in 

Mr. Lamek's submission, two pieces of vital information 
are missing, that is the time at which it was given 
and the route by which it was given. Where in the 
cases before you we have concrete data as to the 

time of the last known dose, it would appear that 

one ante mortem sample was taken too close in point 


of time to the time at which the last dose was given, 
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and that is in the case of Richard McKeil and I 
will have more to say about that in due course, sir. 
Although as I have indicated the 
two pieces of information that are necessary to 
determine definitively whether or not the samples 
had been taken in a timely fashion are not available, 
that is the route of administration and the exact 
time of administration, we are however assisted in 
some cases by virtue of the fact that concentrations 


of the drug were in fact measured in tissue specimens, 


which of necessity on the evidence of the pharmacologists 


means that some distribution in those cases had 
to have taken place from blood in the tissues. 

The site of the sample and the 
sampling techniques give rise to difficulties of 
interpretation as well, sir, both in the context of 
ante mortem blood specimens and post mortem blood 
specimens. Dealing first with ante mortem specimens; 
we have heard from Dr. Spielberg for example that 
you must know the site of the ante mortem blood 
specimen in order to ensure that it was not drawn, for 
example, from a catheter line which is often used at 
the Hospital for Sick Children both to administer 
medication and to draw blood. If the sample was 


drawn from a catheter line he indicated that extremely 
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high digoxin levels can occur, although not truly 
reflective of she concentration of digoxin in the 
serum of the patient. 

Mr. Cimbura, although by his own 
admission inexperienced in the testing of ante mortem 
blood specimens, inasmuch as he is a toxicologist 
and forensic scientist, suggested that the particular 
site of the ante mortem blood specimen would not 
in his opinion make a material difference so long as 
there was no issue over the timing of the sample. 

He stated that so long as the sample was taken from 
an intact vein or artery he would not be concerned 
about its source. 


The real problem with respect to 


.sample site and sample techniques, sir, arises in 


the context of post mortem blood samples. The 

experts are unanimous that the site from which the 
blood sample is taken post mortem and the manner of 
its being taken is of importance to the interpretation 
of the level. An issue has been raised in this 
context specifically with respect to the post mortem 
blood specimens from two children, Janice Estrella and 
Kristin Inwood. SDealing first with’ the ‘case’ "of 
Kristin Inwood; Dr. Spielberg has raised the issue 


having regard to the very high concentration that 
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1 
2 was measured in the post mortem blood specimen of 
3 Kristin Inwood, you will recall, sir, that it was 
4 491 nanograms per milliliter. He suggested that 
5 it was relevant to know where the specimen came from 
to ensure that no piece of tissue was inadvertently 
. included with the specimen. Once that evidence had 
A been given, sir, with the assistance of Mr. Roland, 
8 the Counsel for the Hospital, it was determined 
9 through the Hospital that the specimen was a sample 
10 of blood taken at autopsy and subsequently sent to 
11 the Virology ab where it was refined in accordance 
12 with the procedures there, such that the sample 
P actually sent to the Centre of Forensic Sciences 
was a serum sample. Drs. Taylor and Cutz who 
sa conducted the autopsy on Kristin Inwood testified 
15 that in the normal course the site of such samples 
16 at autopsy was the inferior vena cava a vein. When 
17 informed4of thi:s. information; that.t.is.was in fact 
18 serum and that Drs. Cutz and Taylor in the normal 
19 course took such samples from a vein, Dr. Spielberg 
a agreed that the possibility of the inclusion of 
a piece of tissue in this specimen and hence the 
‘i possibility of contamination from that source had 
ee been ruled out. 
23 Generally Mr. Cimbura has testified 
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that there are three main sites for the drawing of 
post mortem blood. They are from the heart, the 
peripheral vein and the sagittal sinus in the brain. 
It was his evidence with which Dr. Spielberg agreed 
that concentrations of digoxin found in post mortem 
blood specimens from the heart are generally higher 
than concentrations measured in sagittal sinus blood 
samples taken from the brain. 

Dealing then with the case of 
Janice Estrella and the issue of potential 
contamination which arises by virtue of the site of 
the post mortem blood samples and the manner in which 
they were taken. I don't propose to review at length 


the evidence as to how they were taken at this stage, 


-Sir.” You will recall that Dr. Taylor’who' was’ the 


pathology resident at the Hospital for Sick Children 
who conducted the autopsy, has testified that he 
obtained two post mortem blood specimens, one from 
the severed iliac or leg vein into which he inserted 


the end of the syringe while someone else massaged 


the leg; and the other from the pelvic cavity.” “The 


pelvic cavity sample yielded a level of 72 nanograms 
per millilitre when tested. The leg vein sample a 
reading of greater than 4.7 nanograms, and there was 


insufficient sample for further testing. When it was 
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discovered that the second sample had been obtained 
Erom she .pelvic, cavity the possibility of an iartifact=— 
ually elevated concentration of digoxin was directly 
raised. 

We have heard from Dr. Phillips of 
the Hospital for Sick Children and from Mr. Cimbura 
that in the late summer and early fall of 1982 a 
study was undertaken at the Hospital for Sick Children 
in conjunction with the Centre of Forensic Sciences for 
the purposes of determining whether there is a discrepanc 
between pelvic cavity digoxin concentrations and 
digoxin concentrations in veins and arterial blood 
specimens. This you will recall, sir, of course 


was the gutter blood study so called and the results 


are Set sout lin Exhibit. 213) and 238. The protocol 


established and used for the study has also been 
fi ledsacerxehibat Ss. 2O0zbaand 2020 . 

To summarize what was done in the 
study, sir, it was intended according to both 
De aseha ia psmanceMm cimbunea that the estrella ctruatio 
be simulated insofar as was scientifically possible, 
14 cases were involved in the study, 2 specimens were 
taken in each case from the pelvic cavity, one at 
the start of the autopsy and a second some three 


hours, later. Dro sPhil ling sevidence. 1n this sregqara, 
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sir, is found at volume 58, commencing at page 2975. 
Mr. Cimbura and Dr. Phillips have both testified that 
with the exception of one case, case no. 5, all of 
the results measured on the pelvic cavity samples both 
at the commencement of the autopsy and three hours 
later did not exceed the range of values found in 
post mortem blood specimens from infants on digoxin 
therapy. In the one case of course, sir, you will 
recall that the levels measured were 169.6 nanograms 
from the sample taken at the beginning of the autopsy, 
and 17.7 nanograms from the sample taken three hours 
Vater "wAccording to Mr. Cimbura the high result, 

that is the first specimen was abnormal and 


artificially elevated likely as a result of contamination. 


-Dr. Phillips agreed. 


The significance of the results in 
the context of the various opinions expressed, sir, 
will be dealt with at some length by Mr. Lamek, but 
for present purposes I have two submissions with 
respect to the implications of the results of this. 
study in the context of Janice Estrella. 

The first is very obviously the 
results underscore the importance of knowing precisely 
with post mortem blood specimens the site from which 


the sample was taken and the manner in which the sample 
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was taken. In this case some experts have testified 
here that in light of case no. 5 on the gutter blood 
study, the Estrella level although it cannot be 
discounted entirely cannot be relied upon with the 
same degree of confidence as can other levels. 

Secondly, it is also clear on the 
basis of the gutter blood study in my submission, 
that blood in the pelvic cavity may, and only may, 
for it happened in only one of the 14 cases, yield 
digoxin levels grossly out of line or inconsistent 
with levels measured in heart and sagittal sinus 
blood specimens. 

Bhenicaniturn then; Asin; -tostne 


issues that have been raised concerning storage 


conditions for blood specimens. This issue arises 


primarily again in the context of the post mortem blood 
specimen taken from Kristin Inwood. Dr. Spielberg 
expressed the opinion, again in the context of discussing 
the poss iedmal ey thattitiwastantifactually= highvand 
hence a false positive reading of digoxin in that 
sample, that the freezing of a blood sample ina 
refrigerator, if the refrigerator is self-defrosting 

in effect means that a small specimen of blood is 


freezing and defrosting and refreezing. 
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He suggested that if this in fact 
occurs two possible areas of difficulty arise. 

The first is that it can result in some degree of 
evaporation of the sample itself leading to loss of 
volume which in turn can result in the elevation of 
drug concentrations present in the sample. The 
second difficulty or at least a possible second 
difficulty is the possibility of ee eae er ton 
between the specimen of interest, the blood sample, 
and other things present in the refrigerator. 

In fairness to Dr. Speilberg, sir, 

I hasten to point out that he did not suggest that 
either of these possibilities had in fact taken place 
with the Kristin Inwood sample. He simply raised them 
as possibilities and areas of concern if in fact it 
happened that way. 

The suggestion that the sample having 
been frozen as I understood Dr. Speilberg's evidence 
arises from the fact that this particular serum 
sample was discovered in the virology lab at the 
Hospital for Sick Children some nine or ten months 
after the child's death. It was delivered to the 
Centre for Forensic Science for testing in January, 
iO 'Si2.2 


There is, however, sir, in my submissio 
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no clear evidence before you at all that the sample 
was in fact frozen, although we do know that it was 
heated prior to testing. 

The origin of the suggestion that it 
was frozen appears to flow from a passage included 
in the minutes of a meeting held on September 13, 
1982 between various experts and representatives of 
the Metropolitan Toronto Police Force. 

At page 5 of those minutes, sir, which 
have been filed as Exhibit 261, Sargeant Warr of the 
Metropolitan Toronto Police Force is quoted as having 
advised that the sample had been stored,heated and 
apparently frozen. 

If in fact the sample was frozen, sir, 
Dr. Speilberg's concerns as to possible contamination 
must be weighed in my submission in the context of 
opinions expressed by the other pharmacologists. 

DreiMirkinenas. (testified that it 1s 
a very common practice in his department in his 
hospital to freeze serum or plasma specimens for 
subsequent digoxin assay. Dr. Kauffman agreed, and 
indicated that that too was a common practice in his 
department. Dr. Mirkin expressed the opinion that in 
such circumstances if in fact the specimens have been 


frozen, that the concentrations remain fairly stable 
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and that he would not expect too much evaporation 
even if it had been refrigerated for a very long time 
and the stopper had been left off. If in fact 
evaporation did occur in a material fashion, which 

he thought was a low likelihood, the relative 
concentration of digoxin in the specimen would, as 
Dr. Speilberg suggested, have increased. 

Dra Kaubiman .-= 

THE COMMISSIONER: I don't know that it 
would increase much. This is the highest - certainly 
the highest level we ever heard of. 

MS @eGRONK shethat iiszcorurectsneihe 
suggestion is it would increase over what the true 
reading had been at the time the sample was taken. 

THE COMMISSIONER: Oh, I see. Yes. 

MS. CRONK: Dr. Kauffman agreed that 
the possibility of evaporation due to lengthy freezing 
or refrigeration could have a similar effect, and it 


was for that very reason, sir, as you will hear from 


Mr. Lamek that in attempting to interpret this level 

he took what he described as a very conservative 
approach and assumed that the actual concentration in 
the blood specimen at the time of death could well have 
been one-tenth the measured concentration. 


He assumed, therefore, that the level 
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could have been as low as 49 at the time it was 
taken, which he considered to be a worst case 
scenario for the purposes of interpretation. 

Even uSing that approach, that is the 
worst case Scenario, Dr. Kauffman considered that 
level of 49 to be a high one, signifying a contributio 
by digoxin to the child's death. 

His evidence, sir, in that regard is 
found at Volume 72, page 5838, Volume 74, page 6469. 

We do know as I have suggested, sir, 
that the sample had been heated before it was assayed. 
Mr. Cimbura in 1i9ont of that intormation ,once 
provided to him ran an experiment on heated serum 
‘Simulating the temperature in heating which he under- 
stood to have occurred in the Inwood sample. 

He has testified the results of that 
study indicated no significant change in concentration 
following heating as compared to the concentration 
measured prior to the sample being heated. 

As’ you May. recall, six, quite apart 
from the study that was done by Mr. Cimbura, Dr. 
Graham Ellis testified that on March 24, 1981, he 
re-assayed a serum sample taken at autopsy from Justin 
Cook. In doing so he heated the sample for 30 minutes 


at 56 degrees. 
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When originally assayed two days 
earlier, on the Sunday, March 22nd, a level of greater 
than 100 nanograms per millilitre had resulted. When 
re-assayed following heating by Dr. Ellis two days 
later, the heating of the sample made no material 
difference to the concentrations of digoxin measured. 
The assay result, Dr. Ellis testified, was in the order 


of 100 or slightly greater. That evidence, sir, is 


found at Volume 49, page 1021. 

Dr. Stewart MacLeod had something to 
say about this issue of heating as well. He agreed 
in the result with Mr. Cimbura as did Drs. Mirkin, 
Kauffman and Hastreiter that heating would not be 


expected to result in an artifactual change in the 


concentration of digoxin present. 


Dr. Mirkin, however, drew a distinction 
with actual boiling of the sample as opposed to pure 
heating, and suggested in those circumstances 
evaporation obviously could occur resulting in a change| 
in concentration. 

It is quite clear, Mr. Commissioner, in 
my submission thatthe true and complete history -- 

THEMCOMMISSIONER=3: I an\sorry, what 
evaporates? What is it that evaporates? 


MS. CRONK: Part of the volume of the 
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TORONTO, ONTARIO 


on what evaporates, if the digoxin evaporates or if th 
blood evaporates? 
MS. CRONK: Well, as I understand it, 


Sir, if part of the volume of the sample diminishes 


then the concentration, including in part part of the 
drug if that occurs), o1mat 1c) does noteinclude part 
Oretnie molecules: (of digoxin, in fact that. -- 

THE COMMISSIONER: All I am asking 
you really is did they indicate which was likely to 
evaporate? Was it digoxin or was)it -=- 

MS. CRONK: I am not sure, Sir, that 
they were asked that specific question. The results, 
their opinions as to the likely results were sought 
and expressed but I am not sure that they distinguishe 
between them. 


THE COMMISSIONER: Did they say it woul 


be a greater concentration -- 

MS. “GRONK: Tine mpdacation)lsirais 
that it would be artificially elevated. 

THE COMMISSIONER: I suppose that is 
so. I don't understand why. 


MS. CRONK: Well, the problem -- 


sample which therefore influences the concentration 
in the remaining sample. 
THE COMMISSIONER: But does it depend 
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THE COMMISSIONER: Only if everything 
else evaporates except digoxin. 

MS. CRONK: The proposition as I 
understood Dr. Speilberg's evidence was that subjectin 
the sample to heating could reduce the overall volume 
of the specimen and in that context alter the balance 
of the concentration in the remaining specimen such 
that it would be increased. 

THe COMMLSOOLONERs) It scould. [t, coulda, 
I know that. 


MR. SCOTT: If you take rye and 


Wale == 

MS. CRONK: My friend is suggesting 
another explanation. I am going to leave that to Mr. 
Scott to develop. 

MR. SCOTT: I said if you make a rye 
and water, half rye and half water and you put it on 
your deck for two days and let half the volume evaporate 
you will not have a stronger drink. 

THE COMMISSIONER: A weaker drink? 

MReaL SCOTT: | No, unless 1t rains you 
will have a rcs exactly the same strength. Now 
I have done work on that. 

THE COMMISSIONER: If it evaporates, 


if we evaporate a solution containing digoxin why 
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doesn't the digoxin go with it, with the evaporation? 

MReeSCOLL: veMiss Cronk, dian task the 
witness when we brought the witness. 

THE COMMISSIONER: I am not going to 
call them all back to ask that question. 

MS. CRONKs "It Tl nad oniyvy known; Myr. 
Scott, the explanation at the time the evidence was 
given by Dr. Speilberg, the matter could have rested 
there, sir, but in any event as I understand it -- 

MR. SCOTT: I wanted to while we are 
at it congratulate Mr. Lamek for his chivalry ina 
assigning this Paccinating topic to Nrs., junLor associae 


She 1sshandling- it, very well but I) think it is an 


example of forebearance on his part to give up a topic 
‘like -- 
MS. CRONK: I am always grateful for 


gratuitous comments from senior counsel, and delighted 


when they emanate from Mr. Scott. 


18 To return to the issue of heating then, 
19 sir, in one very short submission it appears that 
20 it doesn't make a difference in the opinion of the 
21 majority of the experts. 

THE COMMISSIONER: Lt does or == 
oe MS. CRONK: Does not make a difference 
a to the integrity of the sample and hence tle concentratio 
24 
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that are measurable. 

The very clear feature of the evidence 
in this particular area, Mr. Commissioner, is that 
the full and complete history of the sample is very 
“much a mystery. We don't know all the details of what 
happened to it, where it was stored and what procedures 
were followed before it was delivered to the Centre 
for Forensic Sciences. | 

In all the evidence before you, however, 
in my submission the likelihood of artifactual 
contamination by virtue of freezing, refrigerating, 
heating, defrosting, unless it rained as Mr. Scott 
suggested, is minimal. 

THE COMMISSIONER: How can it ina 
refrigerator? 

MS. CRONK: One never knows, sir. 

And for that reason in my submission the significance 
of the digoxin concentration in this sample cannot 

be rationally and reasonably challenged on that 
basis. 

The analytical technique used to carry 
out the actual assays very obviously, sir, had an 
implication for the interpretation of the level. We 
reviewed that in some detail. The efficacy of the 


HPLC and the RIA technique and as well the opinions 
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| 
2 of the various experts as to whether or not Substance 
3 X has anyrole to play in interpreting these levels. 
4 We come then to what has been 
5 described by the pharmacologists as the redistribution 
6 characteristics of digoxin both during life and after 
: death. I propose to deal with the characteristics of 
Lermduring site. fars e. 
: The issue which arises here, sir, as 
9 I apprehend the evidence, is that under certain 
10 circumstances digoxin can redistribute or unbind from 
11 tissues while the patient is still alive resulting in 
12 a release into blood of the drug leading again to 
13 artifactually high concentrations of digoxin in the 
Pri blood samples when they are in fact measured. 
There appears on the evidence to be 
iy no disagreement that the phenomenon in fact occurs. 
16 The reasons for its occurrence and the mechanics by 
17 which it occurs are not fully understood. 
18 Although now all the pharmacologists 
19 were agreed as to the cause as to why it happens, 
20 there were certain features upon which they did agree, 
7 and I refer now principally to the evidence of Drs. 
Kauffman, Mirkin and Speilberg. 
2 First, as a result of the pharmacologica 
ae activity of other drugs on the body, this phenomena 
24 
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has been known to happen. They referred, for 
example, to the drug quinidine which is associated 
with abnormally high levels of digoxin in patients 
receiving both drugs. It has been suggested as well 
that as a result of certain pathophysiologic 
conditions, a reported one, the most well known one, 
renal failure, the same phenomenon can occur. 

. The third suggested circumstance in 
which it might apply, might take place, is asa 
result of tissue death during life or damage caused by 
ihe inherent disease state of the patient. 

Scpenen un Inochis context: Dr. 
Speilberg has advanced the theory that resuscitation 
trauma may in fact cause redistribution of digoxin 
during life from tissue into blood, thus resulting in 
falsely elevated blood levels. 

The area of dispute among the pharma- 
cologists is not thus whether or not it happens, but 
when it happens and whether or not it has any 
application to the levels that are of interest to 
you. 

Dealing first with the case of Gary 
Murphy, sir, you recall that he was a patient who 
died at the Hospital for Sick Children on April 23rd, 


1983. His last ante mortem digoxin level was obtained 
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some 19 days prior to the date of his death and 

produced on a serum sample a level well within the 

therapeutic range. It was 1.5 nanograms per millilitre\. 
Dr. Speilberg has pointed to the case 

of Gary Murphy in support of two propositions: one 

that we are concerned with now, and that is the 

possibility, ofsredistribution of <digoxingduring Lufe, 

and secondly (and we will come to this in a moment) 

the possibility of redistribution of digoxin after 

death. 


In Gary Murphy's case a post mortem 


blood specimen was also taken by intracardiac puncture 


some four and a half hours after his death. It 
yielded a reading of 18.7 nanograms at the Hospital 
for Sick Children.A sagittal sinus blood sample was 
taken at autopsy some 10 hours after death, resulting 
in a reading of 18.7 nanograms again at the Hospital 
for Sick Children... sSo; that we: have.then on .the 
Hospital's readings for Gary Murphy an ante mortem 
and two post mortem blood readings. 

In addition post mortem blood readings 
were tested at the Centre for Forensic Science as 
were various tissue specimens. At the Centre a 
specimen of blood taken at autopsy yielded a level 


of 32.2 nanograms per millilitre. A specimen of 
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sagittal sinus blood as distinct from heart blood 
yielded a level of 18.9 nanograms per aban tine. 

Dr. Kauffman in testifying at the 
Murphy Inquest was asked to outline what he felt were 
the possible explanations for what was obviously a 
very high post mortem blood serum even in the case of 
Gary Murphy. He outlined five hypotheses which he 
felt might explain the levels. 

His preferred hypothesis, however, he 
expressed in this language. It is found, sir, at 
Volume) 72 of ouritranseriptsy© pagetsel7¢ tos 5821. 

"The fifth hypothesis or theory Gn 

This is as described by Dr. Kauffman. 

",..is that the gradual worsening of 
his cardiac condition, the continuing 
and progressive damage to his heart 
muscle, his increased lack of oxygen, 
which is called cyanosis, his reduced 
output of his heart, cardiac output, 
the profusion of his tissues resulted 
in damage to these tissues either 
functionally or in some cases by the 

, autopsy actual cell death of some 


tissues, thereby releasing bound 


digoxin into the serum compartment or 
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manto the extra cellular fiuid which 
would then diffuse back into the 
serum. 

There is very little known, if 
anything, in the literature about the 
effects of these kinds of severe 
physiological derangements of the 
bindingrof.d2goxin and so 1 is 
difficult to present objective or 
conclusive evidence to support this 
hypothesis, but from what is known 
about the characteristics of the 
binding sites I discussed this morning 
and the nature of the binding of digoxi 
to this material, this is certainly 
pharmacologically reasonable and 


rational.” 
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Dr. Kauffman thus in Gary Murphy's case, 
Sir, advanced the hypothesis of redistribution during 
life as an explanation fOr this child's levels. He thus 
agreed with Dr. Spielberg specifically that the 
phenomena can occur and, as well, where it does occur 
LESCan account ctor &, what I think fairly can be 
described, as grossly elevated post mortem blood 
levels. 

Mr. Lamek will be dealing, in his 
Submissions, with the opinions of the various 
pharmacologists, as to the cause of Kevin Pacsai's 
digoxin levels, but for the present purposes, sir, the 
evidence from Dr. Spielberg is that the hypothesis of 
Dr. Kauffman, in the case of Gary Murphy, might well, 
in his view, provide an explanation for the post mortem 
and ante mortem digoxin levels of Kevin Pacsai. In 
short, Dr. Spielberg suggested that the particular 
pathophysiology of Kevin Pacsai, as he sees it, might 
explain the elevated levels found, both ante mortem and 
post mortem, on the basis of redistribution of digoxin 
during the life, due to tissue death or necrosis of 
various specimens, as well as a host of other features. 

There is a dispute between Dr. Spielberg, 
Dr. Kauffman and Mirkin, as to the likelihood of this 


phenomena accounting for Kevin Pacsai's digoxin levels. 
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2 Drs. Kauffman and Mirkin disagree that that is the 

3 best explanation in the case of Kevin Pacsai. 

4 Dr. MacLeod, in this regard, testified 

5 that Gary Murphy was, in his opinion, a very unique 

é case with a very unique kind of physiology and, as 
well, very unique clinical symptoms. Dr. Kauffman 

é compared the two cases in his evidence, and listed a 

8 series of similarities, in his view, but also listed 

9 what he thought were overwhelming discrepancies in 

10 comparison between the two. He said in this regard, 

11 sir, that the basic diseased state of Gary Murphy was 

12 fundamentally different than that of Kevin Pacsai. 

1B Gary Murphy had a very serious heart lesion, according 
to Dr. Kauffman, which had resulted during his life in 

ai severe cyanosis. In contrast, Kevin Pacsai, as you 

sis know, had an ey Aihene normal heart and was not, 

16 according to the clinical record, known to have 

Ua experienced severe cyanosis at any point during his 

18 snort lize. : 

19 The second major difference is that 

20 Kevin Pacsai was a much younger child. Gary Murphy 
was approximately six or seven months of age and, of 

aa course, the digoxin concentrations being as age, 

i dependent as the experts suggest they are, 

ae Dr. Kauffman felt this was a material distinction as 
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well. 

Neither of the two children in 
Dr. Kauffman's opinion had experienced renal failure, 
nor were there any clinical symptoms prior to Kevin 
Pacsai's death, in Dr. Kauffman's opinion of pre- 
renal failure. That is an opinion held by the majority 
of the cardiologists who testified before you. 

The issue of redistribution effect, if 
you will, on post mortem and ante mortem digoxin level has 
been raised, as well as in the case of Allana Miller, 
Sir. Again, Dr. Spielberg expressed the opinion that 
compared to all the other cases which he reviewed, and 
you will recall, sir, that he was not asked to, nor did 


he review all of the 36 children who were before you, 


but in the cases that he did review there was evidence 


at autopsy with Allana Miller of a large amount of 
damage, aS a result of the resuscitation process. 

He has testified that when extensive efforts to 
resuscitate a child are undertaken, as undisputably 
occurred in the case of Allana Miller, including: the 
insertion of a pacemaker, electric defibrillation in 
the administration. of multiple cardiac medications, 
damage can be caused to the myocardium. He suggests tha 
if a blood sample was taken from Allana Miller, from the 


chamber of the heart, in which necrosis was, as shown 
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by the autopsy results to be occurring, or if a needle 
was inserted through the damaged myocardium, the 
possibility exists the dying tissue in the heart could 
contribute significantly to the concentration of 
digoxin in the blood. In short, digoxin would become 
unbound from the heart tissues and would be released 
into the blood and when the blood specimen was then 
drawn from the same chamber of the heart and tested 

a very high level of digoxin in the blood would be 
measured, as distinct from the tissues. 

There is, however, Drs. MacLeod and 
Kauffman, in fairness I should point out, agreed that 
as a pharmacological concept it is possible that 
resuscitation trauma could cause redistribution of 
digoxin during life. There is, however, once again a 
dispute amongst the pharmacologists, as to whether or 
not that phenomenon can be said to account for Allana 
Miller's digoxin levels. 

You.willwirecalLl, sSir,.that, her, post 
mortem serum ene was 69 nanograms per millilitre, as 
measured at the Centre of Forensic Sciences and 78 
nanograms, as measured at the hospital. 

Drs. Spielberg and MacLeod have 
expressed the opinion that resuscitation trauma and 


redistribution could account for those levels, while 
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Dr. Kauffman thinks it very unlikely. 

There is a further aspect to the issue 
with respect to Allana Miller, as well. Drs. Cutz and 
Taylor have testified that the post mortem blood 
specimen drawn from that child was taken by Dr. Taylor 
from the inferior vena cava, the place from which the 
autopsy blood specimens were normally taken, using in 
this case a needle and a syringe. Dr. Cutz observed 
personally the taking of the sample and testified that 
on the basis of his observations he was not concerned 
that the sample had been contaminated in any way, nor 
was Dr. Taylor. That evidence, sir, is found at 
Volumes 43, page 8797, and 44, page 8934, respectively. 

It is thus clear, in my submission, 

Mr. be hinisee Hoes aT that at least one of the concerns 
raised by Dr. Spielberg, as to the method by which the 
post mortem specimen was taken does not apply in this 
case and does not answer the fact that her levels were 
as high as they were. That is, the sample was not 
taken from the myocardium, was indeed taken from the 
inferior vena cava, such if necrosis was occurring in 
the heart tissue of Allana Miller we don't run the risk 
this case of that necrosis affecting the blood serum from 
the heart that was tested, it having come from a 


different site. 
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That, of course, does not resolve 
whether or not resuscitation trauma generally can 
account for an elevation in this child's levels and on 
that. aspect, sir, of course, there is a dispute 
amongst the experts. 

A difficulty arises, as well, sir, when 
we come to discuss the possibility of redistribution 
of digoxin after death, as distinct from necrosis of 
tissues during life, as distinct from other causes of 
unbinding during life due to the interaction of other 
drugs, such as Quinidine, things of that kind. This 
phenomena in a post mortem sense has been referred to 
before you, sir, as the post mortem multiplier. The 
concent again is not a dissimilar one. The suggestion 
is that when digoxin in tissue -- when digoxin has been 


taken up by tissue in the body death can result ina 


‘displacement of digoxin, otherwise stored in tissues, 


back into serum, such that post mortem serum samples 
would then reflect a higher level of digoxin than, in 
fact, was truly present in the child. 

The pharmacologists and Mr. Cimbura are 
agreed on a number of features with respect to this 
phenomena. First, an elevation in post mortem blood 
does not uniformly occur, nor does it occur at any 


predictable rate of multiplication. There are some 
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| 
2 patients who simply for unknown reasons don't elevate 
3 their post mortem blood levels at all. As I said, 
4 there is complete agreement on that score amongst the 
5 pharmacologists and Mr. Cimbura. 
Secondly, the degree of difference 
: between the ante mortem blood sample and the post 
, mortem blood sample, that is the range of the 
8 multiplier is influenced by where the post mortem 
9 specimen is taken. Mr. Cimbura, for example, has 
10 testified that a blood sample from the heart post 
11 mortem will generally have a higher level of digoxin 
12 than a blood specimen taken post mortem from the 
13 Sagretal= sinus Some makes a difference, according 
to where the sample is taken. Again there is no dis- 
of -agreement on that issue. 
15 Third, the theory or basis for the 
16 phenomena is that after death when membranes and cells 
17 are dying there is effectively a diffusion of digoxin, 
18 a displacement, if you will, from tissues to blood, but 
19 of significance from areas of high concentration of the 
45 drug to areas of low concentration of the drug. I will 
return to that, sir, but that concept, in my submission, 
cs is important to assessing how high, in fact, the post 
a mortem multiplier is known to be. 
23 There are two main issues then that aris 
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in this context. First of all, what is the range of 
the multiplier, how high can it fairly and rationally 
be said to be and, secondly, when will it occur, 
recognizing that it doesn't always occur. Dealing with 
the range, first, how high it is. In my submission, 
sir, on a fair reading of the evidence of the 
pharmacologists,taken as a whole, a generous interpre- 
tation of the literature and their evidence indicates 
that it can increase, although not always, by anywhere 
from one to four-fold, assuming no renal failure at the 
time of death. 

My basis for saying that, sir, is the 
nature of the actual evidence given by the various 
pharmacologists. Dr. Spielberg has testified that post 
mortem serum levels can increase sometimes two to three-|_ 
fold, although the measure of the increase is highly 
variable. Dr. Kauffman placed it at one to three, 
recognizing again great variability, but indicated 
further that he had recently become aware of a paper 
published by Dr. Hastreiter, which recorded a multiplier 
effect of up to four. Dr. Kauffman then amended his 
range, if you will, as anywhere up to four-fold. 

Dr. MacLeod, on the basis of research 
conducted at the Hospital for Sick Children, indicated 


initially that he thought the range was anywhere from zero 
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to five. He did so, sir, in reliance on the recorded 
results from post mortem blood specimens maintained and 
recorded by Dr.7Phivtips..) You will recall)? sir,” that 

I referred earlier this morning to the fact that since 
March 24, 1981, some 608 autopsies had been conducted, 
assays, I am sorry, had been conducted at the 

Hospital for Sick Children. Dr. MacLeod originally 
Suggested that these results when analyzed indicated 

a multiplier of anywhere from zero to five. At another 
point in his evidence he suggested that the mean of the 
results indicated a post mortem multiplier range of 
3.8. When cross-examined by the various Counsel on 

Dr. Phillips' results, however, it was suggested 
directly to Dr. MacLeod that the post mortem multiplier 
was in fact as high as 8, 9 or 10 in some cases, if 
youvacttally look =4at Dr. Philzips'’numbers.” *Irt°is?for 
that reason, Sir, in my submission, Dr. Phillips' own 
evidence in this regard is very relevant to you. 

He testified that the total number of 
autopsies from March 24, 1981 to August 31, 1983 were 
some 796. Of those, as I suggested earlier, there were 
608 cases where post mortem digoxin levels were obtained 
You will remember, sir, you asked me earlier this 
morning, what about these 34 cases that I see on 


Dr. Phillips' exhibit, where concentrations were greater 
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than 5 nanograms were measured and I said that I would 
return to that. 

THE COMMISSIONER: What number is that? 

MS. CRONK: ExhibLe 230;,8sEr. “The one 
you were referring to this morning. That sets out the 
number of autopsies and the number of digoxin assays 
conducted. 

In 34 of the 608 cases then, Dr. Phillip 
measured results of greater than 5 nanograms. That was 
for the period, you will recall, sir, from the end of 
March, 1981 to the end of August, 1983. Subsequently, 


by the time he came to testify before you there had 


- been three more cases where post mortem digoxin 


concentrations of greater than 5 had been measured. 
In consequence, Since March 24, 1981 there have been 
37 cases at the Hospital for Sick Children where post 
mortem digoxin concentrations on serum samples have 
resulted in levels greater than 5. 

The particulars of the 37 cases, he may 
remember, sir, are set out on a computer printout 
provided “by sir ePhitlipses That/iscCExhibiti232) cas 
amended with certain corrections, set out in Exhibit 
232A. 

Dr. Phillips explained, in giving 


evidence, with respect to these results and this 
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: 
nim y alah 2 printout, that all 37 patients had been on digoxin 
3 therapy. All of them were known to have received the 
rs drug. Not all of the 37 were infants, nor were they 
5 all cardiac patients. In 21 of the 37 cases -- 
THE COMMISSIONER: Lime SOLLy ¢ 1a. Leon 
: digoxin? 
i MS. CRONK: All OnudigOxin, Six. 
8 THE COMMISSIONER: Does digoxin have 
9 some other use than cardiac? 
10 MS. CRONK: By that I mean not all were 
11 in the hospital for cardiac lesion treatments. They 
12 were there for other reasons as well. Specifically 
not all were infants. 
- THE COMMISSIONER: - I somehow missed 
a that in the course of this year's study if you can use 
15 digoxin for any other purpose. 
16 MS. CRONK: It is my understanding, sir 
17 you do not. The primary uses are, as we described them 
18 this morning. Dr. Phillips' evidence was that some of 
| 19 these patients had difficulties that were, predominant 
difficulties that were not purely cardiac in nature. 
| as They may, in fact, oh been on digoxin for their 
ss cardiac problems, but they were there for other reasons 
| — as well. 
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There is no doubt, “sir, that all 37 were on the drug. 
The numbers breakdown in the following fashion, sir, 
and the breakdown in my:ssubmission is relevant. In 

21 of the 37 cases the patients were know to have been 
suffering from some degree of renal failure at-the 
time of death. In four more cases that was a possibili Y, 
Dr. Phillips was uncertain. There was the potential 
for renal failure in some 25 of the cases, and in 
fairness it waS a certainty in 21. The highest 

post mortem level recorded in that entire patient 
group, or patient population, was the gutter blood 
Study result of 169 nanograms to which I referred 
earlier, that was case number 5 onthe gutter blood 


study. The second highest result was that recorded 


. in the case of Gary Murphy, you will recall, sir, 


his level was 32. The third highest level recorded 

was 12.6 nanograms per millilitre, that reading was 
obtained from two patients. One of the two had been 
experiencing renal failure at the time of death, 

and on the second patient there was no ante mortem 
digoxin level available. So that in the first 

case, in my submission, the 12.6 reading, the fact 

that it was a high reading is potentially and reasonably 
explicable on the basis of the patient's renal failure. 


as a well known cause for elevated digoxin levels. 
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1 
2 In the second case, sir, we don't in fact know what 
3 the ante mortem level was and it is impossible therefor 
4 to predict what in fact the multiplier was that applied 
‘ in that case. 
Dr$.MacLeod and Phillips were both 
: cross-examined extensively on the significance of 
J the results recorded in these 37 cases. On the basis 
8 oF 6, their evidence, in my submission, it is clear from 
9 | the study that the range of mL oir ee established 
10 is in fact in the order of two or three as seen in 
11 the literature. I say that sir for the following 
+5 reasons: first in 23 of the 37 cases the ante mortem 
levels were taken 12 hours or more prior to death. 
= In many cases they were in fact taken any number of 
He . days prior to death, that of course was the situation 
15 with Gary: Murphy when the level was taken 19 days 
16 prior to death. As a result, in my submission, the 
17 true ante mortem level at or close to the time of 
18 death is not known and without that the range of 
19 elevation of digoxin in post mortem blood cannot be 
established. 
20 
Dr. MacLeod agreed, as did Dr. Hastreiter. 
. Dr. MacLeod indicating that you cannot with confidence 
22 rely upon the apparent multiplier in those 23 cases. 
23 Secondly, in 1l of the 37 cases there 
24 
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is no ante mortem digoxin level available at all. 
Obviously, once again you can't assess the range of 
post mortem multiplier if there is no denominator 
from which to measure it. 

In the case of Gary: Murphy where there 
was a level known some 19 days prior to death, Dr. 
MacLeod has testified that the time differential betwee 
the last ante mortem sample and the time of the 
post mortem sample is so long that in his view the 
post mortem level at least the multiplier reflected 
by that level is probably spurious, it is artifical, 
and in his. opinion we really should ignore the Gary: 
Murphy case as an example of the post mortem multiplier; 
that is found in Volume 64 at page 4466-4468. 

So we have then sir, 23 cases where 
the levels were taken a long time before the time of 
death. We have 11 cases where there is no ante 
mortem level at all. That leaves us with three cases 
out of a total group of 37. In those three cases 
when the ante mortem level was actually compared to 
the post mortem level the multiplier'a4Sin the order 
of two or three as expressed by the literature. Dr. 
MacLeod agreed with that suggestion as did Dr. Phillips. 

The issue then, sir, that is the 


basis fon. my submission that a reasonable and 
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legitimate question of the range of multiplier is any- 
where between zero and four, the highest being that 
reported in Dr. Hastreiter's most recent article 
published in April of 1983 and filed before you sir, 
as, Exhibit 2288. 

The question then.if thefactctheré-is 
range when does it happen. Regret. “the state of 
the art is such according to the pharmacologists that 
it cannot ever be saidwith certainty that the 
phenomenon has occurred unless the digoxin concentratio 
close to the time of death is in fact known. Even 
where it is known, even when you do have an ante 


mortem level close to the time of death the evidence 


is it doesn't happen in all cases so you can't 


predict where it has happened and where it hasn't. 


The evidence from pharmacologists has been that the 
mere fact of a high level is not evidence that there 
was in fact a multiplier at all. 

The illustration of the importance 
of this, sir, has tc do with Dr. MacLeod's evidence 
as to whether or not it can in fact happen the other 
way. The majority of the evidence that you heard 
with respect to post mortem multiplier had to do with 
the fact that the concentration in blood would in fact 


increase. Dr. MacLeod, however, has suggested that 
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there maybe circumstances immediately after death 
where there may be some distribution of digoxin out 

of blood into the adjacent tissus resulting ina 
decrease in the post mortem blood level. That was 
Dr. MacLeod's evidence at the preliminary hearing and 
he repeated it here. It is found, sir, at Volume 63, 
pages 4134-4137. It was his opinion that if that 
occurred, the converse of the normal rule, it was 
likely to occur only where there had been a high 
concentration of digoxin in the blood at the time 

of death. This flows, in my submission, Mr. Commissioner, 
from the principle that digoxin when it does unbind 
flows from areas of high concentration to areas of 


low concentration. The implication of that proposition 


. is obviously important. In any given child,and let 


us take for example the reading of 69 nanograms that 
we know was measured at the Centre of Forensic Science 
says on Allana Miller. On the one hand it might be 
postulated that that level, being a post mortem level, 
was in fact as much as four times higher than what 
her ante mortem level in fact had been. It could 


as well be one time higher because the range in my 


-Submission is anywhere from one to four. 


If Dr. MacLeod's proposition is a 


legitimate one the level may in fact be lower than 
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what the blood level was at the time of this child's 
death. This relates as well sir, to the evidence 

that you have heard as to the physiological activity 
in the body at: |\the moment of cardiac arrest. Dr. 
Spielberg has testified that at the moment of arrest 
as distinct from death, various things can happen in 
the circulatory system. The first is asystole 
develops,i:that is no heart beat at all. In those 
circumstances there will be very little blood 

eiceaiae ie If, however, bradycardia has led to 

the cardiac arrest the blood will still be circulating 
although on a reduced basis. Similarly if there is 

a rapid ventricular rate blood will still be circulatin 


notwithStanding that cardiac arrest has occurred but 


it:won't be circulating as efficiently. Then finally 


if CPR, or cardio pulmonary resuscitation has been 
undertaken there is in fact, in Dr. Speilberg's 
opinion, a relatively good profusion of blood in the 
system. 

Now the effect of that, sir, is that 
even after cardiac arrest, unless there is no heart 
beat at all some distribution of digoxin from blood 
into tissues is still occurring to a greater or less 
a degree depending on how much blood is still 


circulating. As I understand what Dr. MacLeod has 
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Said, he is of the view thatifthereis a very high 
concentration of the drug in blood at the time of 
arrest and at the time of death there may then 
immediately occur some further distribution, even 
after death,from blood to tissue for a short period 
of time, resulting in a decrease in the concentration 
of the drug in the blood specimen when it is tested 
for assay. 

Dr. MacLeod has also given evidence 
as to another possibility which concerns him in 
interpreting the levels of these children. He said 
in cases where there is a high post mortem digoxin 
level in blood or serum, it may not be appropriate 
at all to apply the range of normal post mortem 
That is, if in fact the range is properly 
said to be between 0 and 4 if you are talking about 
very high concentrations in blood, as we are in 
some of these cases; Justin Cook, for example, 
Allana Miller, arguably Kevin Pacsai, the multiplier 
in Dr. MacLeod's opinion can in fact be much lower 
he said as low as .25 per cent. Dr. MacLeod was 
quick to add this was really an intuitive opinion on 
his part there was no hard data which he was aware of 
to reflect that that inverse effect can in fact occur. 


T£ .the,effect of all of this»evidence, 
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sir, both as to the possibility of an increase, the 
possibility of a decrease the possibility of a 
completely different range of multiplier applying 
when you are talking about high blood concentrations 
places us in my submission in this position. With every 
Single one of these cases when you come to interpret 
the signficance of a high post mortem blood level 
there are four possible alternatives. 

The first is the post mortem level is 
a true and accurate reflection of the level prior 
to death without any variation. That is no elevation 
has occurred at all and no decrease has occurred at 
ally thateis): themrirst possibility. 


The second is that the post mortem 


_level may be only slightly elevated over what the 


level was before death; that is on the basis of 
Dr. MacLeod's evidence. 

Me tiiLd possibility is that the 
post mortem level is higher by a fact of anywhere 


from 0 to 4 over the level prior to death. 


The fourth possibility in my submission, 


sir, is that the post mortem level is in fact lower 
than the level for concentration prior to death. 
If I could illustrate what I mean, 


sir, again with reference to Allana Miller's level. 
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: 
2 The level as mentioned at the Hospital for Sick 
3 Children was 78 nanograms on a post mortem blood 
4 specimen. That level may in fact, under these 
; various propositions, be first the true level prior 

to death, that assumes there is no change at all. 
: Secondly, it may be slightly higher than the level 
7 prior to death, meaning that the elevation was only 
8 aseDics MacLeod Suggested was possible .25 per cent 
9 and that the level prior to death could have been 
10 approximately 70. 
1 THE COMMISSTONER?: “I'm sorry, «25 
b of 70 would be more than that. 

MSe GRONKs @yOfe/78, sir. 

i THE COMMISSIONER: The multiplier 
es after death is .25 and .25 of the ante mortem would 
15 bomee 
16 MS....CRONK:, I'm.sorry,.sir, «we don't 
17 know the ante mortem, we are trying to work that 
18 from the post mortem #o what the level at death was. 
19 THE COMMISSIONER: I am sorry, the 

multiplier has to be from the ante mortem to the post 
4 mortem, you can't multiply that. 
a MS. CRONK: That's correct, sir. 
22 THE COMMISSIONER: So .25 is .25 of 
23 what it was ante mortem. I am just really trying to 
24 
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1 
2 break into your -- 
3 | MS. CRONK: Trend of thought here, sir. 
4 THE COMMISSIONER: If it was 70, a 
5 quarter of 70 is 17. 
6 Mower CRONKca sthateseLignt, ae the 
number is wrong, I'm sorry, sir, you are right. 
j THE COMMISSIONER: 70, if it was 70 
3 you would get 87. 
9 MSc) CRONKe = YOQuUUare quite right, sir. 
10 THE COMMISSIONER: It is more like 
11 6S. .645 
12 MS CRONK: )-l will give you 65. 
13 THE COMMISSIONER: Or 63. 
MS. CRONK;: Or 63. The point being 
vs . sir, you are quite right and I apologize for my 
ie Mathematics. The point is the level could in fact 
16 at the time of death still have been significantly 
17 high. 
18 THE COMMISSIONER: That's right. 
19 MS. CRONK: I will be pleased to - 
20 accept for the purposes of illustration 63, 64, 65. 
THE COMMISSIONER: All right. 
it MS. CRONK<) The third possibility.,-sir, 
i? is that the level prior to death could have been 
23 lower by affect of as much as 4. The fourth 
24 
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possibility is that a level prior to death could have 
been higher than 78 nanograms, that it in fact 
decreased, and that again is on the basis of Dr. 
MacLeod's evidence. Having said, sir, I note the 
time and I suggest we take our break. 

THE COMMISSIONER: All right, 20 
Minutes. 


--- Short recess. 
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2 --- On Resuming 

: THE COMMISSIONER: Yes, Miss Cronk? 

4 MSayCRONK2S Thank yous .sir. 

: There are two points to which I 
, would like briefly to return with both a smile and 

; some chagrin. I spent so many days in the recent past 

Zi understanding the merits of sodium potassium ATP ase 

8 thate Iifgorgokt to, dead with water. Plain water. 

9 The question, sir, of what happens 

10 and why it is suggested as a hypothesis that when you 
1 boil a blood specimen the concentration of Shiga will 
a be elevated is a much simpler explanation than the 

one I sought. 
is 
Lteappears, Sit, DirugMickin ¢— 

S THE COMMISSIONER: Water will evaporat 
15 is that the idea? 

16 MSy.CRONK sen Thatdsiright., Just that 
17 | simple. 

18 THE COMMISSIONER: Digoxin being some 
19 kind of a substance that won't? 

MS, CRONKeieiihnat is right, sir. As 

a Dr. Mirkin explained it, in rechecking the transcript 
ca the suggestion is with some help from my friends that 
22 the water component of the specimen is that part of it 
23 which is subject to evaporation and if on boiling, and 
24 


as) 


ae 794 monenstan' ‘at bs 
| aetna 

Tate sete: peas Ine a? sOp102 1 “Ss 

uneuael sari 30 vata, aadiooon ea? . 


pel 


vey aedw aedz csaice 5 25 iedipspue at of yw Das, 


[fiw aixopks 26 OL IS TI ASR ID one genitosee Goold « Liod 
sit neds nobjedelate yahemie (hum s 2b Byisvale Be 
; .4Jhplos.1 sre 

= pitziM .20 .aée ,euseade i 

jsxogave Iltw seseW stWOLGAIMMOD Sut 
Ssepl oft Jena =f 

tefg tevt .Sfedy giaeat, <mmodtD .2m 
-S8Lgrte 

sauce onbed aimceiG :aaWvOTACLMMGO SAT 
¢3*now stead sanetedee « to ols 

af) .vte ,tipht et det? ooeD /eH 
tgiiseast2 ei? paidosines mt ,22 bertelgus abysth .1¢ 
edd ebnets? Ya most qisd ewes maw Bh seiteoppiie S27 
ak 29 sieq 36d3 ei osmioeqe ade Ber Sqanegne> xecew aitd 
bas pnedied ao 31 bas salma sided d honoe ei foitiw 


| FF=-2 


24 


Cronk (Argument) 302 


ANGUS, STONEHOUSE & CO. LTD. 
TORONTO, ONTARIO 


I place emphasis on the boiling as opposed to heating, 
there is evaporation of the water, the volume of the 
specimen as I have suggested is altered such that there 
is a higher concentration of digoxin in the volume 
remaining after evaporation. When hetakes a measuremen 
atitthabipointethe theory is that it will be higher. 

The evidence, of course, on that 
issue sychaty DisarMark rn isnot Timefactiesure fim ehiissown 
mind that that can even occur, and he has testified as 
have others that heating alone will not effect a 
material change in concentration at all. 

A second point to which I would like 
to return, sir, is the exercise I was undertaking 
immediately before the break, the suggestion of the 
application of Dr. MacLeod's various principles, the 
illustration being Allana Miller's post mortem digoxin 
level of 78 as measured at the Hospital for Sick 
Children. 

There are as I have suggested in my 
submission pesings fourspossibilitivesssand?) Dbwwouldiclike 
to review them again if I might. 

The first is that that post mortem 
level of 78 was in fact a true reflection of the level 
That is that there was no 


immediately before death. 


elevation caused by a post mortem multiplier effect nor 
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was there any decrease in the level caused under 
Dr. MacLeod's theory by immediate and continuing distri 
bution from blood into tissues in the few minutes 
immediately after death. So the first possibility is 
that, sir, that issa hardytrue,»reflection.of what the 
ante mortem level is. 
The second possibility, sir, and this 
is the one in respect of which I had some difficulty 
a few moments ago is that if Dr. MacLeod's second 
position “be ass legitimate one, the level of 78 
post mortem may in fact reflect an ante mortem level 
of 58.5. lL. would, Like to, explain, sin, 7 how.that, occurs 
Dr. MacLeod has suggested that the 


normal range of multiplier may be totally inapplicable 


-in a situation where you have very high concentrations 


of digoxin and post mortem specimens. He is suggesting 
then that the normal range of as high as up to 4 may 
not.apply. and thateit may bes. 25. 

tfswthateis.the.case, sit... itmwould 
mean ante mortem level of 58.5 elevated by a factor of 
-25 to a post mortem level of 78. That's the second 
possibility. 

THE COMMISSIONER: I can always check 
your umathematics, but. oGl is — 


MS. CRONK: 58.5:elevated by a factor 
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1 

2 of .25 resulting in a post mortem level of 78. 

3 THE COMMISSIONER: I don't quite 

4| understand how that can happen. 

5 MS. CRONK: All right. 

Z THE COMMISSIONER: The most that a 

quarter of 58.5 would be would be 15. 

: Mote CRON era Ces er ait, Sisk, rou 

: we are talking percentages here, the issue being that 

9 if a level - all we have is a post mortem level of 78. 
10 THE COMMISSIONER: All right. 
ett MS; CRONK: If that reflects a quarter 
12 increase over what the ante mortem level was in effect 
13 it has gone up by 19.5 over the ante mortem level. Tha 

is the pure mathematics of it, sir. 

i THE COMMISSIONER: Well, they are 

is impure mathematics to me because I just don't under- 
16 stand it. "1t goes"tp by a quarter. —“tsn't that what 
17 we're talking about? The post mortem nultiplrer Visa 
18 multiplier of what it was ante mortem. Isn't that 

19 EVgnte 

30 MSs CRONK?* inat Ss erignt. 

THE COMMISSIONER: It was ante mortem 

zi 5Ov> eand=rt “goes up by 25s. Plc isegoing up at the 

i most = 

23 MS. CRONK: By 25% of 58. 
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1 

2 THE COMMISSIONER: How do we get 78? 

3 ) MS. CRONK: That is the other variatio 

4 Ream acomingetoyesine 

5 THE COMMISSIONER: All right. 

‘ MS. CRONK: The range - if you apply 
the various hypotheses, the very lowest that the ante 

f mortem could have been is 19.7 nanograms. That would 

. be the case, sir, working back - we only have the post 

9 mortem level to work back from. 

10 THE COMMISSIONER: A quarter of 78. 

11 MS2tCRONK: oeThat istrights 

12 THE COMMISSIONER: Well, I knew that, 

a yes. 

} MS. CRONK: The lowest level ante 

ve mortem (and that is of significance, sir, because of 

ie and in itself is a very high level) would be 19.7. 

16 THE COMMISSIONER: That is right. 

17 MS. CRONK: The highest it could have 

18 been ante mortem is in fact higher than 78, and I say 

19 that because Dr. MacLeod has suggested - 

50 THE COMMISSIONER: I will accept all 
of that. The only thing I am having trouble with is 

= the figure of 58.5, and it probably doesn't matter. 

ee MSZaCRONKiee Add cragnt.enTacan. try to 

23 explain ditsagainjgsir. You. are,quite right. Under 

24 
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Dr. MacLeod's thesis if you assume an ante mortem level 
of, Xi heris suggesting~thaterpandiviteisnaihighjdevel — 
he is suggesting that that may elevate only by as 
muchyas 2.25." Youvarerabsolutely correct, sir, you 
would then take 253 ofexX,sadd iteto x.and that would 

be the post mortem level. 

Now under that hypothesis I am simply 
applying the mathematics and my submission to you is 
this: Signoring tne 56,.i19gnoring whatever facton it is, 
we are in this situation on Allana Miller's post mortem 
levels, and indeed all the others. There may be no 
elevation at all. The level may be real. It may in 
fact be 78. The level may be slightly - the level 


ante mortem may in fact have been more than 78 because 


.Dr. MacLeod has suggested that some of it may have gone 


from blood to tissues and it may be lower, but I sugges 
to you, sir, that in Allana Miller's case on the 
reliable data before you it would never have been lower 
than 19.7 nanograms. 

And, sir, I suggest to you that that 
potential for variation is really the only feature that} 
comes out of this post mortem multiplier that affects 
the interpretation of these levels. 

Li@Gonsteknowmif thateassists,-siryeor 
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rf 
: THE COMMISSIONER: No, I understand 
3 therl9.72 SL simply don't’ think Zt isl quitesright 
4 e1ther=—= withinva couple or points, but Ll don t7under-— 
5 Stand. 
P MR. STRATHY: If LD could help my 
friend. —Our calculatzonyoLr xX rs. 6 254- ands thene253 of 
‘ thnat= 1S Gs 
: THE COMMISSIONER: I would settle for 
9 eonae 
10 MS. CRONK: Mr. Strathy has got me 
11 back to where we were a few minutes ago and I think I 
12 Can’ = 
13 THE COMMISSIONER: No, you jumped from 
the 25% elevation to 4 times - 400% elevation, and with 
ee ‘the 400¢"elevation -you got 19° point’ = half Jofs 78S ls 
- BOU LE WOULEGM Demo eos Linyou waltet 9370 that “siteine 
16 by me, but if you take 78 as the eventual number, the 
17 first’—. did you say Goer 
18 MR. PSURALHY 3 7) 6i2)..47< 
19 THE COMMISSIONER: That seems dead on. 
20 You won't accept that? 
MS'*"CRONK 7 eelecertainly will, sim. 
‘s I certainly will. I am even more delighted that it 
z comes with the assistance of Mr. Strathy. It may very 
#3 well be, sir, that that number is a reflection of the 
24 
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2 ante mortem level. As I suggest the proposition is 
3 Simply we cannot with certainty on any of these levels 
4 say that there was a post mortem elevator. If you 
5 accept, sir, the evidence of Dr. MacLeod it may in fact 
E work the other way. 
May we come then, sir, with some 
: relief on my part to the question of interpretation of 
: levels for concentrations measured in tissue specimen? 
9 There are a number of general problems regardless of 
10 the type of tissue specimen involved. These have been 
rig outlined by Drs. Kauffman, Spielberg, Mr. Cimbura and 
12 others. I think they can be fairly summarized on the 
13 evidence in the following fashion: The first and most 
important general problem is that there is an area of 
“ -tremendous overlap between concentrations in tissues 
2 associated en apparent toxicity and concentrations 
16 in patients taking digoxin without any signs of toxicity. 
if That is there is a tremendous area of overlap between 
18 therapeutic: and toxic ranges. Thatis “so on whatever 
19 type of tissue specimen we are concerned with. 
20 The second general problem, sir, is 
that there is a tremendous variation from individual 
Z to individual, and this relates, of course, to one of 
ee the basic concepts that has been advanced by the 
23 pharmacologists. It is related to a number of factors 
24 
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1 
2 such as age dependency, how old the patient is, what 
3 theiclinicalsconditionsof the hee ove was, what the 
4 disease state was; the fact is that in some patients 
5 a particular level will produce toxicity and in others 
é| Ltywilianots 
@he third general principle, sir, is 

: that digoxin concentrations measured in tissues cannot 
be interpreted in isolation. They must be weighed in 
9 the context of the actual clinical condition of the 
10 child to determine the child's or the infant's disease 
11 state and whether the child was in fact exhibiting any 
12 symptoms consistent with digoxin toxication at the time 

of death. . 
13 

Fourth, sir, the concentration 

14 

-measured - 
. THE COMMISSIONER: I am not sure I 
16 understand. You are going to come back to this, are 
lf you? 
18 MS's) GRONK: Win tsome tdetail, tsinsiatlet 
19 I may on that third factor the point is that the level 
20 in tissue alone pharmacologists have said must not be 

viewed in isolation from the clinical circumstances 
“7 surrounding the child. 
a In other words it is relevant to the 
23 interpretation of the level to know what was happening 
24 
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1 

é with the child at the time the child died. Was the 

3 child, for example, demonstrating any clinical signs 

4 Of digoxin’ toxicity? “tt so thatrrs anothers piece of 

5 information that serves as an aid to interpreting the 

6 level and the degree of confidence that one places on 
your interpretation. 

jf For example, Dr. Spielberg had said 

that the actual pathophysiology of the patient, the 

9 nature of the disease, and the child's response to 

10 corrective measures is important in assessing how 

11 Significant some of these levels are. 

12 The fourth general problem is then, 

3 sir, that once you have an actual concentration that 
has been measured in tissue, you have to take that leve 

7 -according to the experts and compare it with measure- 

7. ments that have been recorded in other cases Eo determine 

16 if it falls within the therapeutic or the toxic range. 

17 In other words the number by itself 

18 doesn't help us very much. We have to look to what has 

19 been reported in the literature as being a level 

20 representative of a fatal poisoning case and a level 

a representative of what can be demonstrated to take plac 
in a child who is on digoxin therapy and who died from 

22 


causes not attributed to digoxin toxicity. 
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THE COMMISSIONER: . We didn't do any 
of these things, though, did we? 

MS...-CRONR:s Mr. Cimburay did. .sir.. 

THE COMMISSIONER: Well, he had 
ranges. 

MSc GRONKewel iat. Surlogit,. Sik 

THE COMMISSIONER: He never compared 
them with the child himself - herself or himself. 

MS. CRONK: The purpose of calling 
the pharmacologists to give evidence, sir, to assist 
you in the interpretation of those levels was so that 
that exercise could be undertaken on the basis of 
actual levels measured by Mr. Cimbura. 


You are quite right: he did have 


-ranges. Those ranges were as I have suggested exactly 


in accord with that principle. They were based on 
reported cases of therapeutic levels and recorded levels 
in, fatale noisoningscases..4 So, that inieach case -— it 
for example, and I hesitate to return to Allana Miller, 
but if for example we take Allana Miller's level of 

78 in a post mortem blood specimen, one of the ways 

we must interpret the level according to the experts 

is to take a look at what 78 in a post mortem blocd 
specimen means in the context of post mortem blood 


ranges for children on digoxin therapy who have not die 
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from digoxin and what it means in levels measured in 
fatal poisoning cases and see where it falls in those 
ranges. That is really all the principle entails. 

THE COMMISSIONER: Maybe so. I though 
we were talking about tissue. I thought when we were 
talking about tissue - 
| MS. CRONK: It applies as well with 
CiSsueyecitr. 

THE COMMISSIONER: - Cimbura took 
some of these things and he said the range is let us 
say 250 to 750. 

MS. CRONK: Yes, ©sir. 

THE COMMISSIONER: And then this is 


a reading of 450 so it could be toxic and it could be 


.therapeutic. 


MS. PCRONK wt hatewe ra gnty.« Sir. 

THE COMMISSIONER: But then he didn't 
go any farther and look at the child himself. 

MS “GRONK 7" No sir.” Thats what 
some of the pharmacologists who testified before you 
dade 

THE COMMISSIONER: Should have, but 
they ‘didn! t-do Lt DvdetneyrdoeLt: 

MS "CRONK:=" Yes, siz, ‘they did: 


Dr. Kauffman, for example and Dr. Spielberg for example. 
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| eR 
7 | 
2 THE COMMISSIONER: For this particular 
5 Chala? 
4 MS] CRONK: @2Thatels right? sir. 
5 As“did*Dr? Mirkin. @*Dr>*Mirkin‘s *review “teamy CAs did 
F Dr. Hastreiter. When I say look at the child, sir, 
it is obviously so they could not physically examine 
: the child. I meant in that context they were to examin 
: the*ch?fld*s*chart -andVrecord "the clinical history? 
9 THE COMMISSIONER: Yes, all right. 
10 _ MS. CRONK: And that in fact was done. 
11 THE COMMISSIONER: All right. 
12 | MS. CRONK: And then a fifth general 
13 principle that relates to interpretation difficulty, sin, 
is that there are problems associated with the 
a ‘distribution characteristics of digoxin per se, and 
Sy this by now perhaps 1S familiar ground, sir. 
16 What is referred to there is, for 
17 example, infants and small children tend to have more 
18 digoxin in tissues than, dc adults. it is therefore 
19 difficult to extrapolate adult tissue concentrations 
20 to concentrations that are appropriate or inappropriate 
inwintanes. | 
7a | 
For example, concentrations in tissues 
ea tend to be higher than in serum if the patient was” 
= exposed to digoxin therapy in the opinion of Dr. Kauffman 
24 
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so that there are characteristics in a pharmacological 
sense of what happens to the drug that influence how 
these numbers should be interpreted. There are, 
however, a number of difficulties that are specific 

to the type of tissue quite distinct from tissues at 
large, sir. 

Dealing with fresh or fresh frozen 
tissues first, Dr. Kauffman has testified that fresh 
and fresh frozen tissue levels reflect as close as 
can be obtained the digoxin concentration that existed 


in the tissue at the time of death. 
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Nonetheless, all the general problems 
attendant upon interpreting tissue levels generally 
apply to fresh or fresh frozen tissue Levels: 

Mr. Cimbura has testified that the 
difficulties associated with the interpretation of 
levels found in tissues are much more complex than 
arise in the interpretation'’of concentrations found 
in post mortem blood. He has expressed the opinion 
that even when dealing with fresh tissues, unless the 
values of the levels measured are of very extreme 
proportions, the levels cannot by themselves, without 
more, be regarded as conclusive of digoxin toxicity. 
They are, however, in some, sir, the best evidence 
available, as to what the concentration in tissue was 
at the time of the patient's death. 

When I say, sir, that Mr. Cimbura has 
indicated that they cannot, of themselves, establish 
digoxin toxicity, he has, however, indicated that they 
can be of enormous assistance in identifying the 
presence of the drug, so that in a qualitative sense 
they can aid us, and I will return to this in 
determining thatsdigoxingwas, (in) face, Bol venuloOed 
particular patient. 

THE COMMISSIONER: I would think they 


can do more than that, because surely the presence of 
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digoxin, unless it is for some reason would be 
discarded, no matter what kind of tissue it is, 
whether it is fresh or unfresh or put away in some 
kind of solution or something like that, will 
indicate the presence of digoxin, would it not? 

MSe CRON sumed Ld, sr. 

THE COMMISSIONER: So they are all 
qualitative? 

MS-SCRONK- that is rigqnt, ‘sir. 

THE COMMISSIONER: The fresh or fresh 
frozen are just more reliable qualitative, are they 


not? 


Moen CRON atediicn COrrect, Sir: 

THE COMMISSIONER: ees 

MS. CRONK: Mr. Cimbura's evidence in 
that regard, as I understood it, is consistent with 
that of the pharmacologists, that levels found in 
fresh tissues, as you suggested, are the most 
reliable amongst tissue specimens. They, of them- 
selves, do not establish digoxin toxicity, but they 
can be supportive evidence for a conclusion of 
digoxin toxicity when coupled with other data. As 
well, as you quite rightly point out, they can 
establish the presence of digoxin just as can levels 


found in exhumed and fixed tissues. I will deal with 
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that in a moment. 

THE COMMISSIONER: Yes, all right. 

MS. CRONK: When we come to fixed or 
preserved tissues the problems are intensified, sir, 
as you know. Dr. Kauffman has testified when tissue 
is placed in fixative digoxin is"soluble in a 
fixative and tends to be leached out in varying 
degrees from the tissue into the fixative solution. 
To some degree then the digoxin can break down in 
the preservative solution so that the concentration 
of digoxin in the tissue, itself, may decrease. 

Mr. Cimbura and Drs. Mirkin, Speilberg 
and Hastreiter, all agreed with that proposition and 
all agreed further that the ability to draw any firm 
conclusion regarding digoxin toxicity, based on levels 
from fixed tissues, is reduced by virtue of the 
potential for such degradation. 

Mr. Cimbura again indicated, however, 
that digoxin concentrations measured in fixed tissues 
can provide and serve a vital function in serving 
a supportive data for a conclusion of digoxin toxicity 
when coupled with other toxicological pieces of 
information. 

Dr. Mirkin was of the opinion, 


particularly, that in fixed tissues if the presence of 
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digoxin was identified the level. becomes obviously 
much more significant where the patient was thought 
not to have received digoxin during life. 

Mr. Cimbura conducted a number of 
tests), sir; and, ainemy submission, jare of Reena 
to you in assessing the legitimacy of these various 
Opinions. Specifically he conducted a test to 
determine the degree of degradation in concentrations 
of digoxin in tissue when they are placed in fixative 
or preservative solution. 

The results icthat: partzcular «buddy, 
sir, sare set/outeinevexhrbits 283 jipage, 1. pages 
and page 14. Briefly they can be summarized as 
follows: His first experiment was to test the 
concentration of digoxin in tissue before it was 
placed in preservative solution and that is, of 
course, either Klotz or Ely solution, as it has been 
referred to and then to test the concentration and 
the tissue after it had been in a fixative solution 
oe some period of months. 

On the first study it was kept ina 
fixative solution for six to nine months and Mr. 
Cimbura's results indicate there can be marked 
reduced concentrations of the drug in the tissues 


that have been fixed for that length of time. That, 
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1 
5 
2 Sito iSsitne, Study Set_outein Exhibit) 203,—apage LL 
3 and page 13. He didia similar test, siz, taking) 
i only portions of various tissues. The first study 
took the whole organ, a significant tissue sample. 
; He did a second study taking portions of the tissues 
" and did exactly the same thing, measured the amount 
7 of digoxin in the fresh tissue before it was placed 
8 in the fixative and then measured the amount in the 
9 tissue after it had been placed in the fixative, but 
10 this time it had been stored for only a period of 
an one to two months, a much shorter length of time. 
He again found marked reduction in the concentrations 
M in the fixed tissue after one to two months over 
2 the concentrations in che fresh tissue. These, I 
14 should say, sir, these tissue specimens came from 
15 the same organ and the same patient. 
16 Despite all of the difficulties 
17 presented by the possibility of degradation the 
Ae e pharmacologists all agreed, as did Mr. Cimbura, that 


the digoxin concentrations measured in tissues of 
this kind do establish that the patient received 
digoxin duxing life. That is the qualitative vaiue 
that I have spoken about, sir, and that digoxin was 
present in the tissues tested after death. 


In short, sir, in those four patients, 
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fii) 


1 

2 whom we know were not known to have received 

3 prescribed doses of digoxin, the levels in fixed 

4 tissues establish two things, first of all, that 

5 digoxin was present and, secondly, that they received 

: an unprescribed dose of digoxin, be it by accident 
or be it deliberate. © 

: Mr. Cimbura undertook another exercise 

8 with respect to fixed tissue as well, that is in my 

9 view, fundamental to understanding what his results 

10 mean. He attempted, sir, you may recall, to estimate 

11 from the values measured in fixed tissues what the 

12 values or concentrations of the drug was in fresh 
tissue at the time of death. 

= As you may recall, sir, he did this 

cs by utilizing a five step procedure. First, he 

15 analysed the preservative or fixative for digoxin 

16 content when the tissue arrived at his laboratory 

17 already preserved. He looked at the solution itself, 

18 and analysed that. 

19 Secondly, he analysed control samples 
of various kinds of preservative solutions, Klotz 

“ and Ely, to know what one would normally find in 

te those solutions. Essentially he measured the 

22 concentration of digoxin in the Klotz solution plus 

23 the volume, the amount of the solution. He multiplied 
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the two together and the resulting product was an 
estimate of the concentration of digoxin in the 
fixative solution, as a whole. 

The fourth step, sir, was to divide 
that number by the weight of the tissue, itself, and 
he knew that, sir, from the autopsy reports that 
were provided. In doing that he arrived at an 
estimate ofthe concentration of@the drug per gram 
of wet tissue in the original tissue at the time of 
death. By adding to that, the measurement he obtained 
on an RIA assay of the concentration of digoxin-like 
substances, he was able to estimate a concentration 
per gram in the original fresh tissue at the time of 
death. 

Although the mechanics of the process 
may not be of any intimate interest to any save 
scientists, Mr. @¢ommissioner,#iicanttairilyisaynenis, 
that Mr. Cimbura regarded this approach as a very 
conservative one and he found support for that view 
from Dr. Hastreiter and others. Dr. Hastreiter 
further testified it was quite appropriate for Mr. 
Cimbura to have undertaken the exercise at all and 
many of the pharmacologists, who testified before 
you, indicated that those estimates can serve as 


a worthy benchmark of what, in fact, was present at 
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1 

2 the time that the child died. 

3 We come then, sir, to the third and 

4 final type of tissue specimen which we are concerned, 

: that is exhumed or embalmed tissues and again there 
are problems of interpretation that are particular 

° to that kind of tissue specimen. 

7 The concerns that arise with respect 

8 to fixed tissues, that is the possibility of 

9 degradation of the tissues in the body, arises again 

10 with respect to exhumed tissues, but this time for 

il a different reason. It si not obviously because of 
any fixative or preservative solution, but rather 

zr the possibility arises because of the embalming or 

- the burial process and, as well, the length of the 

14 time that the body was buried before the tissue 

15 specimen became available for assay. 

16 : There are, as well, two additional 

17 concerns, according to Dr. Kauffman. First, virtually 

18 nothing is known in a pharmacological sense about the 
pattern of redistribution of digoxin in tissue over 

a a long period of time after death. The longer the 

a patient was buried before the exhumed tissue specimen 

21 was made available the greater the degree of un- 

22 certainty as to what, in fact, happened to digoxin, 

23 if it was present in the body over that period of 

24 
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time. 

The second area of difficulty voiced 
by Dr. Kauffman is that tissues become desicated over 
time...This is not dissimilar, sir, to the boiling 


problem that we spoke about earlier, that is that 
Over time tissues become drier and drier, depending 
on the burial conditions, and again the length of 
time that the body was buried. Digoxin concentrations 
in tissues are measured in terms of tissue weights. 
Accordingly, if water is lost from the tissue by 


the drying process the weight of the tissue is 


diminished and digoxin concentrations may appear 


higher, because thetissue being measured weighs less. 


That's a second problem according to Dr. Kauffman. 
His evidence in that regard, sir, is found at Volume 
70, commencing at page 5479. 

Once again, sir, despite all of those 
difficulties the pharmacologists and Mr. Cimbura are 
agreed that concentrations properly measured by an 
appropriate analytical technique in exhumed tissues 
can, with reasonable scientific certainty, establish 
one way or another in a qualitative sense the presence 
of digoxin and, therefore, whether or not the 


particular patient received digoxin prior to death. 


In an effort to explore further the 
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various difficulties that arise with exhumed and 
embalmed tissues, and particularly embalmed tissues, 
Mr. Commissioner, Mr. Cimbura undertook another series 
of studies. These, as well, are set out in Exhibit 
237 What he did in this case was similar to what 
he undertook to test the effect of fixative solution. 
He effectively conducted a study on various kinds of 
embalming fluids provided to him from various funeral 
homes in the city to test the degradation proposition. 
The results specifically are set out on page 12 of 
Exhibit 213. Once again he found a marked decline in 
digoxin concentrations over ire and tissues placed 
in embalming fluid. 

The net of all these difficulties, 


Mr. Commissioner, in my submission, is as follows: 


First, as you said a few moments ago, a very much 
higher degree of confidence may fairly be placed on 
the significance of digoxin concentrations measured 


in fresh or fresh frozen specimens than on concentrations 


measured in fixed or exhumed or embalmed tissues. 
Secondly, although levels measured on 
the fixed and exhumed tissues are problematic in any 
number of ways due to the possibility of degradation, ~ 
they are invaluable in a qualitative sense to determin 


the presence of digoxin and, secondly, they can serve 
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as potentially supportive data where other toxicologi¢ 
ounclinical data exists. | 

As you know, sir, it is my intention 
to deal with the actual measurements that were made 
on these various blood and tissue specimens for these 
children. Before doing so, however, there is one 
other aspect of the difficulties of interpretation 
that arise. This is one, sir, that properly speaking 
is a matter that flows from a pharmacological issue 
and it is the relationship between serum potassium 
levels and serum digoxin levels. 

Once again, there is an area of agree- 
ment between the experts who have testified before 
you and a pronounced area of disagreement. It arises 
specifically, sir, with relevance to the case of 
Kevin Pacsai. I will explain why in due course. 

There is agreement, though, on the 
following issues: First, abnormally low potassium 
levels will pre-dispose an individual to toxicity 
from an amount of digoxin lower than what would other- 
wise be required or expected to produce toxicity. 
That is the opinion of Drs. Rowe, Costigan, Kauffman, 
Mirkin and Speilberg. 

Second, there appears, as well, to be 


a concensus that elevated serum potassium levels are 
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known to accompany elevated serum digoxin con- 
centrations. 

THE COMMISSIONER: Say that again. 

MS. CRONK: High potassium levels 
accompany high digoxin levels. The two can and are 
frequently taken together. As Dr. Kauffman points 
out, that is not a consistent finding in cases of 
digoxin intoxication. In other words, you can have 
high digoxin levels but not see high potassium levels. 
It is just that very often you see the two together. 
It doesn't universally happen. 

That;esir, isthe opinion again! of 
Dr. Rowe, Dr. Bain, Dr. Speilberg and Dr. Kauffman. 

The third principle upon which there 
is agreement, sir, is that elevated digoxin levels, 
high digoxin levels can and do cause in certain 
circumstances elevated potassium levels, although 


once again it doesn't occur in all cases. 
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That translates, sir, to my simple mind to this. 


If you have high digoxin levels and high potassium 
levels it is clear on the reported literature and in 
the scientific community that the high digoxin levels 
could have caused the high potassium levels. That is 
the opinion of all of the pharmacologists, and as well, 
Dr. Hastreiter. That seems to be the departure point 
sir, from which controversy then arises. The area 

of disagreement flows from the converse proposition 
and that is this. The hypothesis that elevated 
potassium levels in and of themselves can cause 
elevated digoxin levels. Recognizing once again that 
very often the two are seen together. 


You will recall, sir, and those of 


-us not intimately familiar with the medical lexicon 


that hyperkalemia is a term applied to abnormally 
high potassium levels, hyperkalemia. Hypokalemia 
is a term applied to abnormally low potassium levels . 
Dr. Kauffman has testified that the 
normal range for a potassium level in an infant is 
between 3 andi5.5. The cardiologists, as I apprehend |thei 
evidence, do not disagree with that as a general 
statement of a normal range. 
There are a number of clinically 


recognized courses of elevated potassium levels and 
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these become important sir, again in the context of 
the case of Kevin Pacsai and as well as Stephanie 
Lombardo and Kristin Inwood, because the last two 
children were clinically recorded as having high 
potassium levels at the time of their deaths. There 
are then a number of recognized causes. 

The first it May be indicative of 
a result of some kind of renal failure, that was 
the opinion of Dr. Costigan at Volume 45, page 44 
and Dr's Kauffman and Spielberg. 

Secondly it can be the result of 
acidosis, that is the opinion of Dr's Kauffman and 
Spielberg. 


Thindlyuitscanriresuditj;aaccording to 


Dr. Spielberg from necrosis or tissue injury, death 


of tissue cells or injury to tissue cells. 
Fourth it can result from hypoglycemia 
a sugar deficiency in blood, or from hypoxia and 
oxygen deficiency, and that was the opinion of both 
Dr's Kauffman and sete perce So this can be added, 
Sin,. to) the obvious, fifth, known and recognized 
cause and that is high digoxin levels. There are 
accordingly a number of circumstances which can 
in and of themselves produce high potassium levels 


other than high digoxin levels. 


Gage 


me ome ‘ ie 7 coe — 


: pons eae BH wished’ ‘i 
| 3 iciipas. a vi 3 weckt eat 
Baw 4 meat, lunat te Sutd biiee to -ivest® 
| ae ahi vieitoY 48) mgod>e60 30 tc noin leans 
' Pree ige bas aglive* 2' 2G See 
| bo Stamos et? ad mao 9t yifnrnes., 
. bas, NenStoes «xt to phe Lnsieye sate ef tude alechios 
| by ttedle ina 
| Sit grdbzonse ve hewee dip gl giielar 
| diasb, ,\rautel auaedd 2 GhAesoeR WEIR etediaise .f 


saliod seein Oo yritas a0 Ohio pyeats 30 


jimeay.yoeyt movi. 2hvese obs 21 Mingo® 

baa steotiyd mse se .bGeid wal yometeltises sesue « 
iidd 20 ge@intge ede qew 2eae Pau \youesisitst nagyne 
«Hobbs wc isd bids O8 -yasdinig®? Gres qesstcas 2! = 
Sesinpooes bne wil 99k avekves eft of .niz 
eis eietT .elovel minggib dpi et gene wre oanso 
ced dpinw eeonasamuo the to Tocknun 6 Vion liroons 
level my teensog dpid ecubog, sevisemetiz So bre ii 

| | Steves, cixog Somedd neds soso 


,at 
ua 


24 


Zo 


ANGUS, STONEHOUSE & CO. LTD. Cronk (Argument) 379 


TORONTO, ONTARIO 


The issue as to whether or not the 
high potassium levels can cause high digoxin levels 
is important, because Dr's Kauffman and Spielberg 
have suggested that they think that proposition to 
be a legitimate one. Dr. Spielberg in fact has 
advanced it as a possible explanation for the levels 
in Kevin Pacsai's case. This is the area of 
disagreement however, Sere neither Dr. Kauffman 
nor Dr. Hastreiter were aware of any empirical data 
Or reported cases in the literature that substantiated 
the proposition. Dr. Bain in his report of these 
cases, which you will recall sir, is Exhibit 48, 
agreed and acknowledged that there was no reported 
or empirical data to Support the proposition. 

Kevin Pacsai, sir, you may remember had 
high potassium levels measured at three different 
hospitals; at St. Joseph's Hospital in Toronto, at 
McMaster in Hamilton and subsequently at the Hospital 


for Sick Childr@én on admission there. 
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At McMaster sir the levels, and perhaps we should start 
with St. Joseph's the earliest level; on March 7th sir 
the level of 7.4 at St. Joseph's Hospital, that is 
found in Exhibit 278. 

THE COMMISSIONER: St. Joseph's 
Hospital, is that in Toronto or in Hamilton? 

MS. CRONK: L¢Giis in Toronto, tle@under- 
stood it was in Toronto. . 

MR. SHINEHOFT: Lepisyinthansiton. 

MS. CRONK: Thank you, I am grateful. 
The level was 7.4, sir, that is on the 7th of March. 
The child you will recall died at 10:10 in the 
morning of the 12th of March. He went from 


St. Joseph's Hospital to McMaster Hospital and a series 


of levels were measured there. On the 8th of March he 


had wlevels iof 15.26 pe4-260ni3ml petsS.. and4 Siy thee 35 
specimen was a Slightly hemolyzed specimen which the 
pharmacologist have indicated makes the validity of the 
level questionable. On the 10th of March, still at 
McMaster, he had a level Of8s.. Fe On.cthe tl lrheot March 
the level was 5.8, again at McMaster. It is that day, 
sir, that he was admitted to the Hospital foruSick 
Children and although he had a level earlier in the day 
of 5.8 he had a level of 3.9 taken approximately two 


hours after admission at the Hospital for Sick Children. 
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The next morning, the morning of his death, a test and 
sample were taken at 6:30 in the morning in the 
Intensive Care Unit, his level at that time was 
recorded as 9, but that sample again was slightly 
subject to hemolysis and there is some question there- 
fore as to its validity. But a sample was taken 
approximately an hour later, sir, at 7:20 in the 
morning, some three hours before he died, and the level 
was 7.7. It is clear, therefore, sir, that the 
child's potassium level at St. Joseph's was clearly 
very high. Dr. Kauffman expressed the opinion that 
the child at that point was really almost dead. He 
was very acidotic however. . He also had a sugar 


deficiency and an oxygen deficiency that were recorded 


Clinically, any one of which could have caused the 


elevation in his potassium level. By the time the 
child reached McMaster and during his stay there the 
level had fallen and continued to fall and on March 
llth he was back up to 5.8, and was clearly 
fluctuating. At the Hospital for Sick Children the 
levels recorded on the morning of March 12th, the 
morning of his death, were clearly of concern, and I 
suggest, sir, the real level at issue is that of 7.7. 
You may remember that in the medical chart of Kevin 


Pacsai Dr. Costigan, who was with the child in the 
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: 
HZ. 3. 2 Intensive Care Unit, expressed his concern that the 
3 child's level in something less than 12 hours could 
4 go from 3.9 to 7.7, although no potassium had been 
5 prescribed nor known to be administered to the child. 
Dr. Spielberg testified that the high 
: potassium level could be accounted for by digoxin 
: toxicity. The child's diseased state was something 
8 which is not yet eels understood. His evidence at 
9 Volume 57, page 2714. Drs. Kauffman and Hastreiter 
10 thought the most likely explanation for the digoxin 
11 toxicity;erecognizing that®thattis athistorically. 
2 legitimate cause for elevated potassium levels. 
Dr. MacLeod also thought that the administration of 
is digoxin to the child could have accounted for the 
- elevated potassium. Dr. Spielberg alone, on my 
15 understanding of the evidence, suggested the reverse, 
16 that the elevated potassium levels could have caused 
17 the elevated digoxin levels. 
18 In my respectful submission, sir, while 
19 it must be recognized as a possibility, as a hypothesis 
put forward by well respected and qualified 
ai pharmacologists, the hypothesis should be rejected as 
“i not being a probable explanation for Kevin Pacsai's 
22 digoxin levels. I make that submission to you, sir, 
23 for the following reasons. 
24 
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First, Dr. Spielberg alone is noted 
amongst the pharmacologists to have advanced his 
thesis as an explanation for those digoxin levels. 
Even he ranked it, sir, as only a possibility, 
relying more heavily on what he described as the 
child's general overall path of physiological 
condition of which elevated potassium levels were a 
part. 

Secondly, as confirmed by Drs. Kauffman 
and Hastreiter and Bain, and I suggest implicitly by 
Dr. MacLeod, there is no empirical data or eoeonred) 
loponceememes confirm or suggest that the phenomenon 
eouldsevenftoccure 


Third, in my submission, there is a 


compelling well recognized alternate explanation that 


digoxin could have caused the elevated potassium 
levels and for that reason the two in this case were 
seen together. 

Fourth, and I place less emphasis on 
this submission, sir, the child had clearly 
demonstrated an earlier clinical history of elevated 
and fluctuating potassium levels, yet on March 9, 1981 
his digoxin level at McMaster was 1.8 nanograms. In 
short, although he had experienced elevated potassium 


levels before, the only ante mortem level prior to 
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arrival at the Hospital for Sick Children and his 
death was 1.8, perfectly normal within the therapeutic 
range. 

Sir, I propose now to turn to the actual 
levels that have been found in these children. By way 
of assistance I have prepared a chart which sets out 
the ante mortem and post mortem blood levels of each 
child as recorded anywhere, at any institution or at 
the Centre of Forensic Sciences, and as well sets out 
the actual levels in the various tissue specimens. 
There are a number of general malt fen with respect to 
these levels, sir, and I think I can cover one or two 
of them-before we ‘break: for ?the ‘day,;"and then*we can 
deal with the actual levels tomorrow. 


THE COMMISSIONER: Yes, ‘allright. 
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There are a number of children for whom detailed charts 
of this kind have not been made. There are in fact 
14 children for whom no digoxin data is available 

or for whom only incomplete data is available, and 
there) issaseparate-.chart,isix, I think ayvcopy has 
been provided to you and it has to other counsel, 
that sets out the name of these childnen, and the 
only known digoxin information with respect to them. 
This is a list of some 14 children, sir. It indicates 
their name, the date and time of their death, their 
known ante mortem digoxin levels measured within 

the last two weeks of life. I admit, sir, I 
arbitrarily took that cut off point because in some 


instances the particular child had been hospitalized 


for a very lengthly period of time and there were 


a great number of digoxin-levels recorded. Finally 
you will note, sir, that in each case no post mortem 
digoxin level be it on blood or tissues is available. 
It is with respect to these children that I was talkin 
abmoment ago to make certain general observations. 

The first is that all these children 
were either on digoxin therapy at the time of their dea 
or were known to have received prescribed doses of 
digoxin at some time during their life. 


Secondly, if the therapeutic range for 
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qH- 3-2 1 
Z ante mortem digoxin blood sample for an infant is 
3 accepted, as I have submitted to you on the evidence 
4 it should be, as anywhere between 0 to 3, or 3.5 
; nanograms per millilitre, only two of these readings 
are above the therapeutic level. I draw your attention 
: there, sir, to the level accorded on Real Gosselin on 
: December the 17th, 1980, a level of 3.7 nanograms; 
8 and a level recorded on Richard McKeil on October the 
9 14th, 1980, effectively the day of the night that he 
10 died the level was greater than 4.7 nanograms. 
11 To assist you there, sir, in the 
5 case of Real Gosselin you will recall that the evidence 
of both Dr's Rowe and Freedom was that the child 
. received the digitalizing doses at the referring 
_ Hospital in Winnipeg larger than under normal circumstances 
15 would have been administered at the Hospital for 
16 Sick Children. It was possible therefore that the 
17 slightly elevated level could be attributed to the 
18 slightly larger than usual, in the opinion of those 
19 cardiologists, doses administered at that Hospitali 
We come to the case of Richard McKeil 
a sir, and you will recall that I made a submission to 
- you early in the day that there was absolutely no 
22 evidence whatsoever to suggest that any of the blood 
23 samples taken from any of these 36 children was taken 
24 
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prematurely in point of time in relation to the 

last dose. The exception was Richard McKeil. The 
evidence in his case is that the last dose of digoxin 
administered to him prior to his death was at 6:00 
a.m. on October the 14th, 1980, this is at page 90 

of his medical chart and the sample which resulted 

in this level of greater than 4.7 was taken at 9:40 
a.m. the same morning, that is three and a half hours 
latex. 

It is clear on the basis of the 
evidence of Dr. Rowe and as I recall it, Dr. Bain, 
that the relationship in time, thetemporal relationship 
you could account for that elevated level. You will 


hear from Mr. Lamek's submissions in other respects 


as to what might also account for the symptoms the 


child was exhibiting and the level itself, but those 
are the two that stand out on this list. 

That leaves us then, sir, with 22 
cases where there is data available and it comes from 
one of three sources; from the Hospital for Sick 
Children on blood specimens only; from the Centre of 
Forensic Sciences on blood and tissue specimens; and 
in a few cases from other hospitals, ae is from 
the referring hospital in one case, Kevin Pacsai from 


Mt. Sinai, and in one case from Toronto General Hospita 
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in the case of Justin Cook. 

May I propose, sir, that we rest 
there fortoday and deal with the actual levels 
tomorrow. 

THE COMMISSIONER: Yes, all right. 
Then until 10:00 tomorrow morning. 


---Whereupon the hearing adjourned at 4:30 p.m. 
until 10:00 atm.fuune (the oth, 1994: 
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